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AN  ACL"  TO  PROVIDE  FOR  THE  PUBLICATION  OF  THE  REPORTS 
AND  PAPERS  OF  THE  INDIANA  ACADEMY  OF  SCIENCE. 

[Approved  Marcli  11,  1895.] 

Whereas,  The  Indiana  Academy  of  Science,  a  chartered 

Preamble, 
scientific   association,    has   embodied    in    its    constitution     a 

provision  that  it  will,  upon  the  request  of  the  Governor,  or  of  the  several 

departments  of  the  State  government,  through  the  Governor,  and  through 

its  council  as  an  advisory  body,  assist  in  the  direction  and  execution  of 

any   investigation   within    its   province,    without    pecuniary    gain    to    the 

Academy,  provided  only  that  the  necessary  expenses  of  such  investigation 

are  borne  by  the  State;  and, 

AVheeeas,  The  reports  of  the  meetings  of  said  Academy,  with  the 
several  papers  read  before  it,  have  very  great  educational,  industrial  and 
economic  value,  and  should  be  preserved  in  permanent  form ;  and 

Whereas,  The  Constitution  of  the  State  makes  it  the  duty  of  the 
General  Assembly  to  encourage  by  all  suitable  means  intellectual,  scien- 
tific and  agricultural  improvement ;  therefore, 

Section  1.     Be  it  enacted  hy  the  General  Assembly  of  the    ,,  i.i-    i-        c 

^  "^     '  Publication  of 

State  of  Indiana,  That  hereafter  the  annual  reports  of  the    the  Reports  of 

meetings  of  the  Indiana  Academv  of  Science,  beginning  with     *     ^  ™      «• 
"  •  I        =?  o  Acaaemy  or 

the  report  for  the  year  1894,  including  all  papers  of  scientific    Science. 
or  economic  value,  presented  at  such  meetings,  after  they  shall  have  been 
edited  and  prepared  for  publication  as  hereinafter  provided,  shall  be  pub 
lished  by  and  under  the  direction  of  the  Commissioners  of  Public  Printing 
and  Binding. 

Sec.  2.     Said  reports  shall  be  edited  and  prepared  for 

publication   without   expense    to    the    State,    by    a    corps   of    Editing 

Reports, 
editors  to  be  selected  and  appointed  by  the  Indiana  Acad- 
emy of  Science,  who  shall  not,  by  reason  of  such  services,  have  any  claim 
against  the   State  for  compensation.     The  form,   style  of  binding,   paper, 

typography  and  manner  and  extent  of  illustration  of  such  re- 
Number  of 
ports,  shall  be  determined  by  the  editors,  subject  to  the  ap-    printed 

proval  of  the  Commissioners  of  Public  Printing  and  Station-    Reports. 

ery.     Not  less  than  1,500  nor  more  than    3,000    copies    of    each    of    said 
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reports  shall  be  puhlislied,  the  size  of  the  edition  within  said  limits  to 
be  determined  by  the  concurrent  action  ot  the  editors  and  the  Commis- 
sioners of  I'nblic  Printing  and  Stationery :  Provided,  i  hat  not  to  ex- 
ceed six  hundred  dollars  (SOOO)  shall  be  expended  for  such 
Proviso.  publication  in  any  one  year,  and  not  to  extend  beyond  1S9G: 

Provided,  That  no  sums  shall  be  deemed  to  be  approprhited  for  the  year 
1891. 

Sec.  .'>.     All  except  three  hundred  copies  of  each  volume 
Disposition         ,jj-  g,,if|  fe])orts  shall  be  placed  in  the  custody  of  the  State 

of  Reports. 

rjil)rarian,  who  shall  furnish  one  copy  thereof  to  each  pub- 
lic library  in  the  State,  one  coi)y  to  each  university,  college  or  normal 
school  in  th(»  State,  one  copy  to  each  high  school  in  the  State  having  a 
library,  which  shall  make  application  tb.erefor,  and  one  copy  to  such  other 
institutions,  societies  or  persons  as'  may  be  designated  by  the  Academy 
through  its  editors  or  its  council.  The  remaining  three  hundred  copies 
shall  be  turned  over  to  the  Academy  to  I'e  disposed  of  as  it  may  determine. 
In  order  to  provide  for  the  [ireservation  of  the  same  it  shall  be  the  duty 
of  the  Custodian  ot  the  State  House  to  provide  and  place  at  the  disposal 
of  the  Academy  one  of  the  unoccupied  ro(jnis  of  the  State  House,  to  be 
designated  as  the  otfice  of  the  Indiana  Academy  of  Science,  wherein  said 
copies  of  said  reports  belonging  to  the  Academy,  together  with  the  original 
manuscripts,  drawings,  etc.,  thereof  can  be  safely  kept,  and  he  shall  also 
e(iuii)  the  same  with  the  necessary  siielving  and  furniture. 

Sec.   4.     An   emergency    is  hereliy   declared   to  exist  for 

E  m  6  rfiTG  n  c  y 

the  immediate  taking  effect  of  this  act,  and  it  shall  therefore 

take  effect  and  Ite  in  force  from  and  after  its  passage. 


AN    AC'l'    FOR    Tin:    r-IIOTECTION    OF    BIRDS,    THEIR    NESTS 

AND  EGGS. 

Iliulinna  Acts  1905.1 

Section  (»(t2.  It  shall  be  niihnvfiil  for  any  iktsoii  to 
kill,  traj)  or  possess  i\ny  \\  ild  hird,  oi"  to  purchase  or  offer 
the  same  for  sale,  or  to  desti'oy  the  nests  or  the  esigs  of  any  wild  bird 
except  as  otherwise  provided  in  this  section.  But  this  section  shall  not 
a])iily  to  the  follow  iuLC  named  uame  bii'ds  :  The  Anatid:e.  connnoaly  called 
swans,  geese.  I)rant,  river  and  sea  duck :  the  Rallida^,  conunonly  known 
as  rails,  coots,  nuidheus,  and  2;allinules-,  the  Limicolic,  commonly  known  as 
shore  birds,  ])lovers,  snrf  birds,  sniix'.  woodcock,  sandpipers,  tattlers  and 
curlews;  nor  to  English  or  European  house  sparrows,  crows,  hawks,  or 
other  birds  of  prey.  Nor  shall  this  section  apply  to  any  person  taking 
birds  or  their  nests  or  eggs  for  scientific  pur])oses  under  permit,  as  pvo- 
vided  in  the  next  section.  Any  jierson  violating  the  provisions  of  this 
section  shall,  upon  conviction,  l»e  fined  not  less  than  ten  dollars  nor  more 
than  fifty  dollars. 

Si:c.  CiD.'l.  Permits  may  be  granted  by  the  Commissioner  of  Fisheries 
and  Game  to  au\-  ])roperly  accredited  person,  permitting  the  holder  there- 
of to  collect  birds,  their  nests  or  eggs  for  strictly  scientific  purposes.  In 
order  to  ol>tain  such  ))crniit  th(^  aiiplicant  for  the  same  must  present  to 
said  Commissioner  written  testimonials  from  two  well-known  scientific 
men  certifying  to  the  good  character  and  fitness  of  said  applicant  to  be 
entrusted  with  such  privilege,  an.d  jiay  to  said  Board  one  dollar  therefor, 
and  file  with  him  a  properly  executed  bond  in  the  sum  of  two  hundred 
dollars,  payablt>  to  the  State  of  Indiana,  conditioned  that  he  will  obey  the 
terms  of  such  permit,  and  signed  by  at  least  two  resi»onsil)le  citizens  of 
the  State  as  sureties.  The  bond  may  be  forfeited  and  the  permit  revoked 
upon  proof  to  the  satisfaction  of  such  Connnissioner  that  the  holder  of 
sucli  permit  has  killed  any  bird  oi-  taken  tlie  nests  or  eggs  of  any  bird 
for  any  other  pur])ose  than   that  named  in  this  section. 


Snbiana  ;ataUemp  of  Science. 


OFFICERS,  1906-1907. 


D.   M.   MOTTIER, 

Glenn  Culbertson, 
Lynn  B.  McMullen, 
J.  H.  Ransom, 
G.  A.  Abbott, 
William  A.  McBbth, 
Robert  Hessler, 
John  S.  Wright, 


President 
David  M.  Mottier. 

Vice-President 
Glenn  Culbertson. 

Secretary 
Lynn  B.  McMullen. 

Assistant  Secretary 
J.  H.  Ransom. 

Press  Secretary 
G.  a.  Abbott. 

Treasurer 
William  A.  McBeth. 


Executive  Committee 

Carl  L.  Mees, 
Willis  S.  Blatchley, 
Harvey  W.  Wiley, 
M.  B.  Thomas, 
D.  W.  Dennis, 
C.  H.  Eigenmann, 
C.  A.  Waldo, 


Thomas  Gray, 
Stanley  Coulter, 
Amos  W.  Butler, 

W.   A.  NOYES, 

J.  C.  Arthur, 

O.  P.  Hay, 

John  M.  Coulter. 


Curators 

Botany J.   C.   Arthur. 

Ichthyology C.  H.  Eigenmann. 

Herpetology     1 

Mammalogy        [ Amos  W.   Butler. 

Ornithology     J 

Entomology W.  S.  Bl.^tchley. 

(8) 


COMMITTEES,  1906-1907, 


Program, 
R.  F.  Lyons, 


Donaldson  Bodine,  A.  J.  Bigney. 


Membership, 

R.  B.  Moore, 


O.  L.  Kelso. 


Nominations, 
J.  W.  Beede, 


W.  A.  McBeth. 


W.  F.  M.  Gosa. 


Auditing, 


D.   A.   ROTHROCK, 


J.  P.  Naylor. 


State  Library, 

W.  S.  Blatchley,  a.  W.  Butler, 

J.  S.  Wright, 


G.  W.  Benton, 
L.  B.  McMullen. 


Restriction  of  Weeds  and  Diseases, 

D.  M   Mottier,  W.  S.  Blatchley,  M.  B.  Thomas, 

G.  E.  Hoffman,  W.  H.  Manwaring. 

Editor, 

Arthur  L.  Foley,  Indiana  University,  Bloomington. 


Directors  of  Biological  Survey, 

Stanley  Coulter,  Charles  R.  Dryer, 

C.  H.  Eigenmann, 

Relations  of  the  Academy  to  the  State, 

R.  W.  McBride,  William  Watson  Woollen, 

G.  W.  Benton. 


M.  B.  Thomas, 
J.  C.  Arthur. 


C.  A.  Waldo. 


Distribution  of  the  Proceedings, 

L.  B.  McMullen,  L.  J.  Rettger,  John  S.  Wright, 

A.  L.  Foley,  J.  P.  Naylor. 


10 


o    o    o    o 


-^       .     .     .     .  m  m  m  m  m 

H  H  H  H  H 


>-5    1-5    1-5 

doddodd    d    ^  ^  ^  ^  h,  h. 


1-5    *-5    l-S 


^^^^^ 


flH 


fl    s    c    c 
a;    oj    o)    o) 

ffl  K  M  ffl 


ffl 


-<  <3  << 


o    o    o   o    o 

<D      <Xt      Q^      <D      <D        '        *  r-] 

OOOOOOOOOO 


OJ      0)     OJ     OJ    "    "3 


o    o 


^  ,— 4  j-H  ULj  'J''  ''''  V-J 

btlbCb/DbJO -3-^-2     g     g     cS     c3     c3     oi 


->^  +^  -i-i 


m     w     xn     XD     m     m     m        to 

0000000       O 

saaasss    a 


o  [K*^  !s°  [sp  ^'^  !s°  [^  !s°  is^  ^*  ^  S 

^  'C  'u  "C  'C  'C  'C  "u  '5h  'S  'C  j^ 
'o'o'o'o'o^'o'o 

1-5    >-5    1-5    1-5    1-5 


a  § 
1^ 


«  ffl 


Q-i 


^  o 


pl 


Q;       C5 


Q  d 


0)03" 
d  ^  H-5 

H  d  ^ 


a  -2  s  t^  s 


o  ,•: 


d    5 


1    o  -<  ffi 


oj   c: 


d  Q  ^ 


W  ;^  d 


►^      Oi     ^ 


CO 

r- 

en 

<-n 

0 

fM 

CO 

'^ 

lO 

0 

l^ 

G«D 

C2 

0 

Ol 

CO 

-V 

>o 

CO 

l^ 

00 

r/i 

Ofl 

Of) 

rn> 

m 

02 

Ci 

C5 

Oi 

Oi 

TO 

Ol 

C3 

0 

0 

0 

0 

0 

0 

0 

0 

00 

00 

00 

00 

00 

00 

(XI 

00 

00 

00 

00 

00 

00 

00 

a-. 

TO 

TO 

TO 

TO 

TO 

TO 

1 

1 

CO 

1 

1 
en 

1 

i 

1 

^. 

1 

1 

^ 

1 

CO 

1 

1 

X! 

1 

en 

1 

0 

1 

1 
01 

1 

CO 

1 

1 

1 
CO 

00 

00 

on 

GTl 

on 

m 

rR 

0 

m 

CTj 

05 

0-. 

Ci 

TO 

0 

0 

0 

0 

0 

0 

0 

00 

00 

00 
<— 1 

00 
1—1 

00 

00 

00 

00 

00 

00 

00 

x^ 

O) 

X 

X 

TO 

TO 

ii' 

C' 

TO 

TO 

11 


CONSTITUTION. 


ARTICI-E  I. 


yKCTioN  1.  'i'liis  association  sliall  l)e  called  the  Indiana  Academy  of 
Science. 

Sec.  2.  The  objects  of  this  Academy  shall  be  scientific  research  aud 
the  diffusion  of  knowledge  concerning  the  various  departments  of  science , 
to  promote  intercourse  between  men  engaged  in  eeieiitifi?  work,  especially 
in  Indiana  :  to  assist  by  investigation  and  discussion  in  developing  and 
making  known  the  material,  educational  and  other  resources  and  riches 
of  the  State;  to  arrange  and  prepare  for  publication  such  reports  of  inves- 
tigation and  discussions  as  may  further  tlie  aims  and  objects  of  the  Acad- 
emy as  set  forth  in  these  articles. 

Whereas,  The  State  has  undertaken  the  ])u!)lication  of  such  proceed- 
ings, the  Academy  will,  upon  iTMpiest  of  the  (Governor,  or  of  one  of  the 
several  dei)artments  of  the  State,  through  the  Governor,  act  through  its 
council  as  an  advisory  body  in  the  direction  aud  execution  of  any  investi- 
gation within  its  province  as  stated.  The  necessary  expenses  incurred  in 
the  prosecution  of  such  investigation  are  to  be  borne  by  the  State ;  no 
pecuniary  gain  is  to  come  to  the  Academy  for  its  advice  or  direction  of 
such  investigation. 

The  regular  proceedings  of  the  Academy  as  published  liy  the  State  shall 
l)ecome  a  public  document. 

ARTICT.E  II. 

Section  1.  Members  of  this  Academy  shall  lie  honorary  fellows,  fel- 
lows,'non-resident  members  or  active  members. 

Sec.  2.  Any  person  engaged  in  any  dei)artment  of  scientific  work,  or 
in  original  research  in  any  "department  of  science,  shall  be  eligible  to  active 
membership.  Active  members  may  be  annual  or  life  members.  Annual 
members  may  be  elected  at  any  meeting  of  the  Academy;  they  shall  sign 
the  constitution,  pay  an  admission  fee  of  two  dollars,  and  thereafter  an 
annual  fee  of  one  dollar.     Any  person   who  shall  at  one  time  contribute 
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fifty  dollars  to  the  funds  of  this  Academy  may  be  elected  a  life  member  of 
the  Academy,  free  of  assessment.  Non-resident  members  may  be  elected 
from  those  who  have  been  active  members  but  who  have  removed  from  the 
State.  In  any  case,  a  three-fourths  vote  of  the  members  present  shall  elect 
to  membership.  Applications  for  membership  in  any  of  the  foregoing 
classes  shall  be  referred  to  a  committee  on  application  for  membership, 
who  shall  consider  such  application  and  repox't  to  the  Academy  before  the 
election. 

Sec.  3.  The  members  who  are  actively  engaged  in  scientific  work, 
who  have  recognized  standing  as  scientific  men,  and  who  have  been  mem- 
bers of  the  Academy  at  least  one  year,  may  be  recommended  for  nomina- 
tion for  election  as  felloes  by  three  fellows  or  members  personally  ac- 
quainted with  their  work  and  character.  Of  members  so  nominated  a 
number  uot  exceeding  five  in  one  year  may,  on  recommendation  of  the 
Executive  Committee,  be  elected  as  fellows.  At  the  meeting  at  which  this 
is  adopted,  the  members  of  the  Executive  Committee  for  1894  and  fifteen 
others  shall  be  elected  fellows,  and  those  now  honorary  members  shall  be- 
come honorary  fellows.  Honorary  fellows  nuiy  be  elected  on  account  of 
special  prominence  in  science,  on  the  written  recommendation  of  two  mem- 
bers of  the  Academy.  In  any  case  a  three-fourths  vote  of  the  members 
present  shall  elect. 

ARTICLE  III. 

Section  1.  The  officers  of  this  Academy  shall  be  chosen  by  ballot  at 
the  annual  meeting,  and  shall  hold  office  one  year.  They  shall  consist  of  a 
President,  Vice-President,  Secretary,  Assistant  Secretary,  Press  Secretary 
.and  Treasurer,  who  shall  perforin  the  duties  usually  pertaining  to  tneir 
respective  ofiices,  and  in  addition,  with  the  ex-Presidents  of  the  Academy, 
shall  constitute  an  Executive  Committee.  The  President  shall,  at  each 
annual  meeting,  appoint  two  members  to  be  a  committee,  which  shall  pre- 
pare the  programs  and  have  charge  of  the  arrangements  for  all  meetings 
for  one  year. 

Skc.  2.  The  annual  meeting  of  this  Academy  shall  be  held  in  the  city 
of  Indianapolis  within  the  week  following  Christmas  of  each  year,  unless 
otherwise  ordered  by  the  Executive  Committee.  There  suall  also  be  a  sum- 
mer meeting  at  such  time  and  place  as  may  be  decided  upon  by  the  Execu- 
tive Committee.    Other  meetings  may  be  called  at  the  discretion  of  the  Ex- 
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ecutive  Coiniiiittee.  The  i)ast  Presideuts,  together  with  the  officers  aud  Ex- 
ecutive Committee,  sliail  constitute  tlie  Council  of  the  Academy,  aud  repre- 
sent it  in  the  transaction  of  any  necessary  business  not  especially  provided 
for  in  this  constitution,  in  the  interim  between  general  meetings. 

Sec.  3.  This  constitutiori  may  be  altered  or  amended  at  any  annual 
meeting  by  a  three-fourths  majority  of  the  attending  members  of  at  least 
one  year's  standing.  No  <!uestion  of  amendment  shall  be  decided  on  the 
day  of  its  presentation. 


BY-LAWS. 


1.  On  motion,  any  special  department  of  science  shall  be  assigned  to 
a  curator,  whose  duty  it  shall  be,  with  the  assistance  of  the  other  members 
interested  in  the  same  department,  to  endeavor  to  advance  knowledge  in 
that  particular  department.  Each  curator  shall  report  at  such  time  aud 
place  as  the  Academy  shall  direct.  These  reports  shall  include  a  brief 
summary  of  the  progress  of  the  department  during  the  year  preceding  the 
presentation  of  the  report. 

2.  The  Pi'esident  shall  deliver  a  public  address  on  the  morning  of 
one  of  the  days  of  the  meeting  at  the  expiration  of  his  term  of  office. 

3.  The  Press  Secretary  shall  attend  to  the  securing  of  proper  news- 
paper reports  of  the  meetings  and  assist  the  Secretary. 

4.  No  special  meeting  of  tlie  Academy  shall  be  held  without  a  uotice 
of  the  same  having  been  sent  to  the  address  of  each  member  at  least  fifteen 
days  before  such  meeting. 

5.  No  bill  against  the  Academy  shall  be  paid  without  an  order  signed 
by  the  President  and  countersigned  Ijy  the  Secretary. 

G.  Members  who  shall  allow  their  d\ies  to  remain  unpaid  for  two 
years,  having  been  annually  notified  of  their  arrearage  liy  the  Treasurer, 
shall  have  their  uames  stricken  from  the  roll. 

7.  'I'en  meud>ers  shall  constitute  a  quorum  for  the  transaction  of 
i)usiiiess. 
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THE   TWENTY-SECOND  ANNUAL  MEETING  OF  THE 
INDIANA  ACADEMY  OF  SCIENCE. 


The  twenty-second  nnnnal  meetinii'  of  the  Indiana  Academy  of  Science 
was  hekl  in  Indianapolis,  Tliursday,  Friday  and  Saturday.  November  29. 
30.  and  December  1,  190(i. 

Thursday,  at  0  p.  m..  twenty  members  of  the  Academy  dined  together 
at  the  Chiypool  Hotel.  Following  the  dinner  the  Executive  Committee 
met  in  regular  session  at  the  hotel  headquarters. 

Pi'esident  Robert  Hessler  called  the  Academy  to  order  at  9  :30  Friday 
morning,  in  the  teachers'  assembly  room  at  Shortridge  High  School.  The 
transaction  of  business  and  the  reading  of  papers  occupied  the  attention 
of  the  Academy  until  11  a.  m.,  when  Dr.  Hessler  read  his  paper  entitled: 
"The  Evolution  of  Medicine  in  Indiana." 

Following  this  address  came  an  adjournment  luitil  2  p.  m..  when  other 
papers  came  up  for  reading  and  discussion.  At  night  papers  of  general 
interest  were  read  and  the  friends  of  the  Academy  were  invited  to  be 
present.  On  Saturday  morning  all  unsettled  business  was  cared  for  and 
the  remainder  of  the  i)apers  were  heard,  when  the  Academy  adjourned. 

THE  SPItINO   MEETIN(;  OF   19(Mi. 

The  spring  meetnig  of  19rX)  was  held  in  New  Harmony,  Indiana,  May 
25  and  20. 

The  party  reached  New  Harmony  Friday  afternoon,  and  in  the  even- 
ing was  entertained  at  a  meeting  planned  by  the  residents.  Frank  Owen 
Fitton  presided  at  this  meeting,  and  talks  were  made  by  ]Miss  Carrie  Pel- 
ham,  on  "The  Connnunity  Life  of  New  Harmony,"  and  the  Rev.  William 
Duliamel  on  "The  Scientillc  History  of  New  Harmony.  ' 

Saturday  was  spent  in  exploring  the  town  and  its  surroundings. 
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PRESIDENT'S  ADDRESS. 


The  Evolution  of  Medicine  in  Indiana. 


Robert  IIessler,  A.  M.,  M.  D. 


On  looking  over  tlie  addresses  of  our  past  Presidents,  I  observe  tliat 
they  liave  usually  dwelt  upon  subjects  in  which  they  were  especially  in- 
terested, and  1  feel  it  but  natural  that  I  should  do  likewise. 

In  addressing  you  I  am  not  unmindful  of  the  fact  that  the  people  as 
a  whole  are  behind  you,  are  in  a  measure  represented  by  you  as  leaders 
in  scientihe  thought,  and  that  a  discourse  should  be  shaped  accordingly. 
All  that  I  should  lilce  to  say  would  re<iuire  much  time;  what  I  can  say 
in  the  brief  time  allotted  must  be  suggestive  rather  than  a  full  and  exact 
statement  of  scientific  facts  and  deductions. 

The  subject  is  a  ^'ast  one,  but  I  shall  consider  it  brietiy  from  three 
standpoints :  First,  the  evolution  of  the  medical  student  and  the  coming 
of  the  medical  man  into  our  State;  second,  the  evolution  of  diseases  and 
the  coming  in  of  now  diseases,  oi',  rather,  the  introduction  of  old  diseases 
into  a  new  locality ;  and  lastly,  the  changes  in  metho'ds  of  the  treatment 
of  diseases.  . 

Art  precedes  science  everywhere.  Plants  were  used  and  cultivated 
before  there  was  a  science  of  botany ;  many  of  the  processes  underlying 
chemistry  were  known  before  there  was  a  science  of  chemistry.  Likewise 
the  siclv  were  treated  befoi'e  thei'e  was  a  science  of  medicine.  There  are 
not  wanting  those  who  deny  that  there  is  a  science  of  medicine  and  who 
assert  that  it  is  simply  an  art  based  on  many  sciences — on  anatomy,  bac- 
teriology, chemistry,  and  so  on  through  the  alphabet,  but  the  prevailing 
view  is  that  there  is  a  science  of  medicine.  Whichever  view  we  adopt 
must  lead  to  the  conclusion  that  the  greater  a  man's  knowledge  of  science, 
the  better  a  practitioner  he  Avill  likely  be,  other  things  being  equal. 
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What  is  the  reason,  I  have  been  asked,  so  few  of  the  Indiana  physicians 
are  members  of  the  Indiana  Academy  of  Science?  If  physicians  are  scien- 
tific men,  why  are  so  few  members  of  the  Academy?  My  usual  reply  is 
that  our  pliysicians  are  so  busy  fighting  disease  and  giving  relief  to  the 
sick  that  they  have  no  time — such  a  reply  satisfies  many  and  places  the 
doctors  in  a  good  light.  But  sueli  a  reply  does  not  quite  fit  in  case  of  the 
question :  Why  are  so  many  doctors  ]iot  members  of  a  progressive  medical 
society?  Or,  Why  do  so  few  contribute  to  the  scientific  medical  literature 
of  the  State?  Pei-haps  a  brief  review  of  the  evolution  of  medicine  in  In- 
diana will  enable  us  to  draw  some  just  conclusions. 

As  sciences  do  not  spring  up  suddenly,  bxit  are  a  matter  of  slow  growth, 
so  likewise  the  accumulated  stock  of  knowledge  is  not  suddenly  transferred 
to  a  new  country ;  it  takes  a  long  time  to  bring  it  in,  and  our  State  is  no 
exception. 

The  Primitive  Medxcune  Man  :  The  primitive  medicine  man  was  the 
first  to  differentiate  from  the  race;  Avhen  all  hunted  and  fished,  he  alone 
stood  apart  and  in  tlie  course  of  time  separated  more  and  more.  As  knowl- 
edge was  brought  together,  there  was  a  further  differentiation,  sciences 
crystallized  out  and  pursued  independent  courses — but  in  their  application 
are  always  of  benefit  to  man.  Wiiere  the  early  medicine  man  held  all 
the  Ivuovviedge  of  his  race  or  tribe,  in  the  course  of  time  there  arose  a 
number  of  learned  men.  The  man  who  studied  the  stars  in  time  developed 
into  an  astrologer  and  later  on  into  an  astronomer,  just  as  the  herbalist 
developed  in  time  into  a  pharmacist  or  botanist.  (The  diagram  is  intended 
to  sho\v'  this  relationship  in  a  general  way.  The  survival  of  old  time  be- 
liefs and  methods  of  treating  diseases  being  represented  by  a  line  parallel 
to  the  development  of  the  race,  we  need  only  think  of  the  use  of  charms 
and  amulets,  of  faith-cures,  the  administration  of  nauseous  drugs,  and  so 
on,  to  gain  an  idea  of  how  much  still  survives.) 

Indian  Medicine  Man:  The  native  Indian  medicine  man  belonged  to 
a  race  still  in  the  childhood  of  civilization,  a  race  in  the  hunting  and  fishing 
stage,  and  his  beliefs  and  methods  of  ti-ealing  disease  were  on  a  level  with 
such  a  stage ;  moreover  at  the  time  the  wliite  man  first  came  in,  the  Indians 
had  few  diseases  to  contend  A^-ith.  Contrary  to  the  popular  belief,  the 
modern  physician  can  learn  notliing  from  the  Indian  medicine  man,  though 
the  life  of  the  Indian  can  teach  hi;ii  many  tilings  pertaining  to  the  value 
of  simple  food,  pure  water  and  air,  with  out-of-door  exei'cise. 
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-Specialization     in    Medicine  —  eye,    (hroat,    stomach 

nerves,  etc. 
-Separation  of  the  Surgeon  (Barber's  pole  a  survival  of 

early  times.) 

I Separation  of  Sanitarian.  p    2".  ^ 

J Separation  of  Bacteriologist. 

-Separation  of  Physiologist. 

-Separation  of  Anatomist.  d 

I Differentiation   of   Alchemist,  developing  into  the  Chem 


I Oif    of   Herbalist,   trom    whom   developed  the  Pharmacist 

and  Botanist 

I L),f     of    the    Astrologer,     ultimately    developing    into    the 

Astro nomei . 

■Dif  of  Chief  (survival  of  belief  in  the  King's  Touch  for 
scrofula  and  of  the  belief  in  the  Divme  Right  of 
Kings.) 

/ uit    of  the  Priest.      (Survival  of  Faith  Cures  and  the  power 

of   prayer  in  arresting  epidemics.) 

Differentiation  of  the  Primitive  Medicine  Man.  (Survival 
today  of  primitive  beliefs,  in  charms,  amulets,incantation, 
nauseous  drugs,  etc.) 


All  men  alike. 
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Early  Indiana  Phvsicians:  \Ylien  tlie  pioneer  came  to  our  territory 
he  left  bis  old  diseases  Ijeliind,  bm  iv.  tlie  course  of  time  they  followed 
him,  and  he  had  to  make  the  best  of  it.  Until  a  country  is  sufficiently 
settled  to  support  an  educated  physician,  none  comes  in.  Men  were  in- 
fluenced then  by  the  same  motives  that  intlueuce  them  today.  No  well 
educated  physician  today  thinks  of  settling  in  the  backwoods ;  but  as  soon 
as  a  settlement  is  made  and  a  villafiO  arises,  some  venturesome  spirit  is 
apt  to  come  in.  As  a  matter  of  fact  the  first  Indiana  physicians  were  mej 
connected  with  the  T'nited  States  army  posts  along  the  Wabash  river,  little 
over  a  century  ago ;  unfortunately  they  left  no  records  of  their  observations. 

Physicians  proper  hegan  to  come  in  during  the  first  decade  of  the  past 
century,  but  there  are  scarcely  any  medical  records  prior  to  the  year  1820. 
The  early  physicians  led  a  strenuous  life;  there  were  no  roads  and  the 
sick  were  scattered  over  a  large  area  :  it  was  a  horseback  and  saddlebag 
life.  Few  had  time  or  inclination  to  write — to  the  few  who  did  write  we 
owe  all  our  knowledge  of  those  days.  ^Medical  books  then  were  few  and 
costly  ;  a  man  with  one  book  in  each  branch  of  medicine  was  indeed  a 
rarity.  Medical  ,ioiu-nals  were  equally  rare,  and  the  fact  that  some  of 
the  early  Indiana  physicians  took  the  London  Lancet  speaks  volumes  for 
their  learning  and  ambition. 

The  educated  physician  soon  had  apprentices ;  that  is,  farmers'  sons. 
who  learned  the  rudiments  of  the  profession  and  then  began  their  own 
work ;  few  \s  ent  to  a  medical  school.  For  a  long  time  there  were  only  two 
medical  schools  this  side  of  the  Alleghanies — at  Lexington,  Ky.,  and  at 
Cincinnati — and  to  attend  these  meant  a  long  trip  over  roads  at  times 
almost  impassable.  At  first  there  were  simple  medical  laws,  but  these 
were  abolished,  and  after  1843  the  field  was  open  to  all.  Just  as  bad 
money  drives  out  the  good,  so  bad  physicians  dro^•e  out  the  good,  or  pre- 
vented good  ones  from  coming  in,  and  for  a  long  time  medical  affairs  went 
back\\'ard.  But  we  uuist  not  forget  that  Indiana  retrograded  generally' 
during  this  time.  In  1850  Indiana  was  the  eighth  State  in  point  of  number 
of  inhabitants,  but  ranked  twenty-third  in  illiteracy — lower  than  all  the 
slave  stotes  but  three.  The  term  "I lousier"  was  a  term  of  reproach,  from 
which  our  physicians  did  not  escai)e,  and  sharji  criticism  was  passed  on 
some  of  our  civil  war  surgeons. 

The  earlj  Indiana  physicians  had  few  kinds  of  diseases  to  contend 
with,  but  these  few  made  up  in  number  of  cases  for  the  lack  of  kind. 
Malaria   ravaged   frightfully   and    dominated   all    diseases.     Tlie   standard 
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ti-fiitiiu'iit  lor  niaiiiriii.  as  tor  most  otlu'V  <liseases.  was  bloodiii.u;,  imrjiiiifi 
and  voiuitiuu.  and  tlu'  use  of  calomel,  whisky  ami  bark,  the  latter  in  time 
displaced  by  (ininine. 

In  the  course  of  time  the  pains  and  aciies  of  civilization  came  in.  I 
have  heard  old  settlers  speak  of  them  as  "new-fangled  diseases,"  and 
there  came  also  a  revulsion  against  old  methods  of  treatment.  In  the 
absence  of  restraiuinij;  medical  laws,  a  host  of  practitioners  soon  appeared : 
some  of  these  became  quite  skillful,  but  one  is  reminded  of  the  story  of 
the  man  who  e-\pressed  his  admiration  at  the  skill  of  the  oculist  who  had 
just  operated  on  him  ;  the  oculist  admitted  that  be  was  skilled,  adding;, 
"But  I  spoiled  half  a  bushel  of  eyes  in  learnina;  to  perform  that  operation." 

Gradually  the  "isms"  arid  ••pathies"  of  medicine  appeared,  most  of 
them  a  i)rotesL  ajiainst  some  of  the  absurdities  of  the  old  practitioners. 
There  are  no  "isms"  nor  'pathies"  among  the  sciences  on  which  medicine 
rests — anatomy,  bacteriology,  chemistry,  and  so  on,  are  free  from  them ; 
but  wlum  it  comes  to  therapeutics  or  treatment,  one-half  of  the  doctor? 
think  the  other  half  wrong.  However  a  number  of  established  facts  are 
gradually  accumulating  and  in  the  course  of  time  there  will  be  a  science 
of  therapeutics,  in  which  serum  therapy  will,  no  doubt,  hold  a  prominent 
place,  and  many  of  the  drugs  of  today  only  a  nn'nor  one. 

With  the  advance  of  civilization  a  nuinl)er  of  well  defined  diseases 
tend  to  diminish,  but  with  a  massing  of  humanity  a  host  of  ills  tend  to 
increase.  There  are  any  nmnlier  of  affections  that  scarcely  rise  to  the 
dignicy  of  a  disease.  I'rescribing  becomes  largely  a  ])rescribing  for  symp- 
toms, and  many  of  the  sick  do  their  own  prescril)ing;  some  go  to  a  physician 
only  as  a  last  resort.  INIany  are  unwilling  to  pay  the  physician  for  the 
time  it  takes  to  investigate,  and  so  the  physician  himself  simply  prescribes 
for  the  symptoms.  Some  physicians  are  so  busy  doing  this  that  they  have 
no  time  for  study  or  to  attend  the  meetings  of  their  medical  society,  much 
less  attend  and  take  ])art  in  the  deliberations  of  any  scientific  society.  The 
bane  of  the  scientific  physician  is  the  busy  practitioner  who  flits  from  one 
patient  to  another,  iie\er  studying  any  case  in  detail  nor  taking  time  for 
study,  or  manifesting  any  interest  in  the  progress  of  medicine.  The  number 
of  men  who  have  contributed  to  the  annual  Transactions  of  the  Indiana 
State  Medical  Society  is  remarkably  small ;  where  a  few  make  frequent 
contributions,  many  malve  none  at  all. 

MedicxVT.  Schoot.s  :  For  a  long  time  our  State  had  no  school  for  the 
education  of '  physicians  and  the  more  ambitious  students  of  medicine  had 
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to  go  elsewhere.  More  than  fifty  years  a  so  the  doctors  of  Indiana  were 
discussing  the  advisability  of  establishing  a  medical  college;  there  were 
arguments  pro  and  .con.  Some  believed  that  if  we  could  not  have  a  good 
school,  we  had  best  have  none.  Since  then  many  medical  colleges  have 
come  into  existence  and  continued  for  variable  periods  of  time.  Some 
"went  under"  early,  others  exi)erien('ed  the  hardships  of  existence  as 
private  institutions.  The  struggle  is  still  going  on.  Indiana  is  behind  the 
times;  she  is  still  without  a  medical  school  controlled  by  the  State.  Every 
civilized  country  sooner  or  later  is  couipelled  to  assume  control  of  medical 
education. 

Tlie  art  of  medicine  lias  made  progress  in  Indiana,  but  the  science 
lags  behind;  so  far,  our  State  has  made  little  real  addition  to  the  science 
of  medicine. 

Although  at  the  time  of  the  passage  of  the  common  school  law,  only 
about  fifty  years  ago,  the  term  IToosier  was  one  of  reproach,  the  advent  of 
the  schoolmaster  and  State  education  soon  changed  that,  and  today  we 
take  pride  in  being  called  Hoosiers — it  is  becoming  a  term  of  honor  rather 
than  of  reproach,  ^^■e•have  wholly  outgrown  our  former  reputation,  and 
Indiana  literary  productions  are  known  tlie  world  over. 

The  old  medical  schools  did  their  work  well;  it  was  a  pi'actical  work; 
l»ut  until  the  State  takes  charge  of  medical  education  and  sets  a  good 
standard,  little  advance  in  medical  science  is  to  be  expected. 

Art  precedes  science  everywhere.  Our  own  physicians  liave  been  so 
busy  applying  the  knowledge  alx'eady  extant  that  they  have  not  had  time 
to  make  original  observations,  and  few  have  jmblished  their  observations. 
But  the  time  will  come  when  our  physicians  will  add  to  tlie  scientitic  litera- 
ture of  medicine — the  rise  of  general  education  and  of  literature  in  our 
State  foreshadows  it. 

THE   ADVENT   OF   mSEASES. 

The  coming  in  of  new  diseases  can  perhaps  be  best  understood  in  the 
light  of  the  analogy  of  the  coming  in  of  new  weeds.  Weeds  and  diseases 
can  be  compared  in  many  ways,  but  after  a  time  analogies  fail  and  each 
must  be  studied  separately.  Pointing  out  analogies  often  leads  men  to 
think,  and  in  this  light  tiiey  are  justifiable. 

Early  BotakiSts  and  Earia'  Weeds — Eaiu.y  Physicians  and  Early 
Diseases  :     Of  the  pl■e^  alence  of  tlie  early  weeds  of  our  State  we  know 
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l)nt  little:  thoro  \\(>ro  no  coiiii)etent  observers.  A  farmer  might  fight  weeds 
all  his  lite  and  yet  know  but  little  al)oiit  them,  about  their  characteristics 
and  properties,  or  their  classification,  and  he  is  very  apt  to  confound  species. 
A  farmer  usually  simply  learns  to  do  certain  things,  only  a  few  inquire 
into  the  reason  why  or  into  the  nature  of  the  thing  itself;  we  call  these 
few  progressive  farmers. 

The  erratic  Kafinesque  was  perhaps  the  first  botanist  who  visited  our 
State,  but  he  left  no  records  of  Indiana  plants.  The  first  botanist  to  malvc 
a  local  list  was  Dr.  A.  Clapp,  of  New  Albany,  in  the  early  thirties ;  at  that 
time  mauy  European  \\eeds  had  already  wandered  in.  Since  then  a  num- 
ber of  local  lists  have  been  made,  some  of  them  by  physicians  who  botan- 
ized as  a  recreation.  The  first  State  Catalogue  was  that  of  Coulter,  Barnes 
and  Arthur,  published  in  1881.  The  complete  State  Catalogue  of  Stanley 
Coulter  did  not  appear  until  1900;  since  then  a  number  of  additional  lists 
have  api)eared  in  the  Proceedings  of  our  Academy.  New  plants  are  con- 
stantly arriving,  l)rought  in  from  otlier  States  and  countries;  of  these  new 
arrivals  many  are  weeds  and  of  these  some  remain  and  become  common. 
Where  at  first  there  were  l)ut  few  observers  of  new  arrivals,  now  there  are 
many,  and  new  weeds  are  soon  recognized  and  reported. 

If  it  requires  a  botanist  (even  though  only  an  amateur  who  submits  to 
tlie  superior  knowledge  of  the  expert)  to  distinguish  between  weeds,  it 
must  be  evident  that  an  educated  physician  is  required  to  distinguish  be- 
tween diseases  and  to  record  the  arrival  of  new  ones.  A  man  may  fight 
disease  or  diseases  all  his  life  without  knowing  anything  about  Das  Wesen 
der  Krauliheit ;  indeed,  it  is  painfid  to  admit  that  the  best  physicians  have 
to  tight  diseases  aboiit  wliose  real  nature  they  know  but  little ;  like  the 
farmer  and  his  weeds,  they  can  simply  fight  them  in  the  way  they  have 
been  tauglit  or  have  learned  how.  T'nfortunately  the  routiuism  of  some 
physicians  is  on  a  plane  little  above  that  of  the  farmer's  method;  they  are 
satisfied  to  live  on  without  malcing  any  effort  to  find  out  and  we  do  not 
look  for  any  advance  in  learning  from  tliem. 

The  advent  of  the  educated  physician  has  already  been  referred  to,  so 
I  shall  proceed  to  give  a  few  analogies  between  weeds  and  diseases.  My 
remarks,  as  already  mentioned,  will  be  suggestive  ratlier  than  exact  scien- 
tific statements,  mere  outlines  without  dates.  Of  the  many  introduced 
diseases  I  can  mention  but  a  few.  Animals  and  plants  also  have  diseases 
but  I  shall  refer  only  to  disease  in  human  beings. 
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ANALOGIES    OF    WEEDS    AND    DISEASES. 


The  Days  ok  Few  Weeds  and  of  I/Ittle  Disease:  Tlie  first  settlers 
cultivated  only  small  patclies  of  gi'ound.  often  only  a  "truck  patch"  ;  there 
were  few  kinds  of  weeds  and  these  were  natives  and  easily  destroyed. 
Tlie  Ragweed  (Ainbroshi  arteniisia-folia)  was  probably  the  chief  among 
them. 

Of  the  diseases  of  the  native  Indians  at  the  time  the  white  man  first 
came  among  them,  we  know  nothing,  Imt  we  do  know  that  their  life  was 
not  conducive  to  the  evolution  and  pro])agation  and  dissemination  of  dis- 
eases, and  we  can  assume  that,  in  all  i)robabllity.  they  were  practically 
free  from  disease.  Men  who  live  in  isolation,  and  in  proportion  as  they 
do  live  in  isolation,  are  almost  free  from  the  common  pus  formers,  tlie 
Staphylococci  and  Streptococci,  with  an  alisence  of  many  of  the  common 
ailments  of  life  depemlent  more  or  less  on  them. 

'!  he  early  settlers  were  a  hardy  set  of  men  and  women ;  tlu'y  had  left 
their  weak  and  feeble  behind,  ami  tiiey  led  a  hapjyy  life,  especially  in  the 
northern  part  of  the  State  where  the  Indians  were  not  savage  or  warlike, 
owing  mainly  to  the  influence  of  the  French  pioneers.  There  were  few 
weeds  and  likewise  few  diseases;  they  had  left  both  behind.  But  they 
found  at  least  one  native  disease,  nainelv  milk  sickness,  or  in  other  words, 
the.y  found  the  cause  of  it,  and  when  this  got  into  the  body,  through  the 
use  of  infected  milk  or  the  liesh  of  cattle  with  the  trembles,  a  reaction 
came  on,  and  this  reaction  was  called  Milk  Sickness — a  disease  about 
which  there  has  been  nnich  discussion. 

The  Days  of  Dog  Fennel  and  Jims(jn  Weed — Of  Malaiua  and  Ty- 
phoid Fever:  The  Dog  fennel  came  in  early,  from  Europe.  .Jimson  is  a 
corruption  of  Jalnesto^^'n,  the  early  colonial  .settlement  iu  Virginia.  Both 
weeds  flourish  iu  neglected  places,  on  farms,  in  villages  and  in  towns ; 
they  disappear  with  the  advance  of  progress  and  civilization.  On  clean 
farms  and  in  clean  villages  and  towns  we  see  no  Dog  fennel  today — but 
there  are  still  Dog  fennel  towns  in  Indiana. 

Malaria  and  Ty])hoid  fever  may  api)ropriately  be  compared  and  con- 
trasted with  these  two  weeds;  both  were  lirougbt  in  by  the  white  man. 
Malaria  came  first  and  was  Ivuown  as  "The  Fever."  \Mien  typlioid  fever 
came  in  it  was  called  "Continued  Fever,"  to  distinguish  it  from  malaria 
also  known  as  "I'eriodical  Fever."  Fntil  the  decade  1S40-1S.10,  physicians 
the  world  over  were  not  able  to  clearly  diffeivntiafe  typhoid  fever,  it  was 
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long  coufusod  with  (.v[)lius  IVvor ;  very  I'ecently  nnotlier  disease  has-been 
differentiated,  kunwn  as  i)aratyp]ioid.  Thus  tiner  and  finer  distinctions  are 
being  made.  In  this  oonnection  I  might  refer  to  the  analogous  case  of 
the  plants  Scrophnlaria  nodosa,  Scn)i)hnlaria  Marylandica,  and  Scx'oph- 
ularia  leporella.  and  how  the  latter,  a  native  Indiana  plant,  was  for  a  long 
time  confounded  with  the  other,  jnst  as  that  in  turn  had  been  confused 
with  the  Kuropean  form — a  liotanist  will  ri'adily  understand  this  simple 
allusion. 

Malari:i  and  tyi»hoid  fever  both  tlonrish  under  simple  and  primitive 
conditions,  that  is.  uiuler  a  neglect  of  sanitation.  Malaria  flourishes 
where  the  Anopheles  mosquito  breeds  and  is  transferred  from  one  iudi- 
vidual  to  another  by  its  bite.  The  drainage  of  wet  places  and  the  use  of 
•  luinine  are  the  chief  factors  that  account  for  the  subsidence  of  malaria 
and  its  present  r.irity.  Typhoid  fever  differs  markedly  from  malarial 
fever  in  that  one  attack  protects  the  individual.  The  weak  are  killed  off 
and  those  who  survive  are  innnune  (second  attacks  of  the  disease  being 
rare)  and  this  fact  has  an  important  bearing.  Typhoid  fever  is  chiefly  a 
water-borne  disease,  especially  w^ell  water.  Where  wells  and  closets  are 
close  together  or  where  the  subsoil  is  porous,  diffusion  takes  place.  In  a 
fannly  where  typhoid  fever  occurred  there  may  be  no  further  ditticulty 
from  the  use  of  the  well  w^ater,  but  any  stranger  or  visitor  using  it  may 
fall  a  victim.  In  cities  dependent  on  w^ells  there  may  be  nuich  typhoid 
fever,  while  on  the  other  hand  a  city  with  a  good  nniniciiial  water  supply, 
especially  where  the  Abater  is  properly  filtered,  may  have  little  of  it.  Cities 
dependent  on  a  river  supply  without  previous  filtration  may  fare  very  well 
so  long  as  the  water  is  clear,  but  with  the  nuuldying  of  the  river  after  a 
rain  and  witli  a  resort  of  the  citizens  to  the  old  wells,  there  may  be  a 
constant  recurrence  of  the  disease.  In  this  connection  we  nuist  not  forget 
that  many  of  our  rivers  are  today  nothing  but  oi)en  sewers  full  of  infee- 
tioiis  germs. 

Malaria  has  disappeared  from  the  cities  (the  Anopheles  mosquito  does 
not  live  in  cities)  but  it  still  nourishes  in  backward,  undrained,  communi- 
ties— conununities  that  are  still  in  the  Dog  fennel  days.  On  the  other 
hand,  typhoid  fever  is  all  too  connnon  in  some  of  our  cities  and  tow'us — 
another  indication  of  the  survival  of  Dog  fennel  days. 

Not  so  very  long  ago  the  chief  diagnostic  character  for  distinguishing 
between  the  two  diseases  was  the  fever,  that  is  the  elevation  of  tempera- 
ture, but  every  now  and  then  so-called  atypical  cases  occurred  which  left 
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the  diagnosis  a  matter  of  doubt.  Today  the  scientific  physician  takes  a 
few  drops  of  blood  from  the  finger  of  the  patient,  one  drop  he  examines 
for  the  malarial  parasite,  the  other  is  used  for  making  the  serum  test  for 
typhoid  fever.  In  the  one  disease  a  few  large  doses  of  quinine  usually 
cures  outright;  in  the  case  of  typhoid  fever  little  medicine  is  given,  little 
being  required ;  with  good  nursing,  proper  diet,  and  an  abundance  of  pure 
water  and  pure  air,  the  patient  is  apt  to  recover.  Although  formerly  no 
exact  diagnosis  was  possible,  yet  the  treatment  of  cases  was  simple;  qui- 
nine, whisky,  calomel  and  opium  were  standard  remedies.  Little  atten- 
tion was  given  to  hygienic  measures,  the  sickroom  was  often  tightly  closed, 
with  the  exclusion  of  fresh  air,  and  as  a  consequence  there  was  bronchial 
irritation,  often  bronchitis.  Typhoid  fever  is  not  the  fatal  disease  it  was 
considered  to  be  in  the  early  days,  and  the  nurse  has  largely  taken  the 
place  of  the  doctor  in  the  treatment. 

In  the  early  days  of  Indiana,  bleeding  was  in  order  in  the  treatment 
of  malaria,  but  this  practice  soon  declined.  Although  the  proper  remedy 
is  quinine,  yet  for  a  long  time  it  was  given  in  insuflicient  dosage.  .Just  as 
too  little  water  can  be  put  on  a  fire,  and  fail  to  put  it  out,  so  too  little 
quinine  can  be  given  to  cure  a  patient — and  if  you  wait  too  long  the  fire 
(or  the  disease)  may  become  very  destructive.  It  was  customary  to  "pre- 
pare the  patient  for  the  quinine."  Some  died  before  the  preparation  was 
completed.  The  discovery  of  the  Plasmodium  malaria,  the  active  cause 
of  the  disease,  was  a  great  advance  in  medicine.  But  to  look  for  the 
parasite  is  not  universal  today ;  some  physicians  find  it  easier  to  prescribe 
before  they  are  sure  of  the  diagnosis — Dog  fennel  days  still  survive. 

The  Days  of  Common  European  Weeds  :  The  white  man  in  his  wan- 
derings over  the  world  has  brought  together  a  miscellaneous  collection  of 
weeds,  and  these  follow  him  wherever  he  goes.  Today  most  of  our  com- 
mon Indiana  weeds  are  immigrants  from  Europe,  where  they  have  resisted 
destruction  for  ages.  The  Amaranths  and  Chenopodiums  when  cut  down 
will  sprout  anew ;  pulled  up  by  the  roots  they  take  fresh  hold  while  lying 
prostrate  on  the  ground ;  if  but  a  single  plant  ripen  seed,  the  surrounding 
country  will  soon  be  restocked. 

The  white  man  in  his  wanderings  has  likewise  collected  a  miscellan- 
eous lot  of  diseases,  and  these,  like  his  weeds,  follow  him  wherever  he 
goes.  A  list  of  their  names  may  be  found  in  the  daily  mortality  statistics 
in  the  newspapers  or  in  the  advertisements  of  patent  medicines. 
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Mau  tights  his  couuiiou  diseases  by  resorting  to  the  use  of  uiediciues, 
especially  patent  medicines;  he  has  not  yet  learned  that  diseases,  like 
weeds,  may  be  eradicated,  or  that  prevention  is  easier  than  cure.  An  in- 
telligent farming  community  is  apt  to  malie  a  combined  attack  on  weeds, 
and  the  less  seed  scattered  about  the  fewer  weeds  there  will  be.  Perhaps 
after  a  time  we  will  go  after  diseases  as  the  good  farmer  goes  after  his 
weeds;  indeed,  we  have  already  reached  the  stage  where  we  keep  a  look- 
out for  such  formidable  diseases  as  the  i)lague,  cholera,  typhus  fever  and 
several  others;  we  do  not  allow  them  to  laud.  But  we  are  so  accustomed 
to  some  diseases  that  have  already  landed  and  that  have  gotten  a  foothold 
among  us,  that  we  seem  to  have  forgotten  that  we  could  get  rid  of  them 
if  we  only  tried. 

Among  the  diseases  once  common  in  civilized  Europe  but  now  becom- 
ing more  and  more  rare,  may  be  mentioned  leprosy,  cholera,  plague,  typhus 
fever,  miliary  fever,  scurvy,  smallpox,  malaria,  typhoid  fever,  and  others. 
Some  countries  are  even  beginning  to  show  a  reduction  in  the  number  of 
deaths  from  tuberculosis,  and  some  cities  regard  the  presence  of  much 
typhoid  fever  as  a  umuicipal  disgrace.  Man's  control  over  the  spread  of 
diseases  is  becoming  more  and  more  marked. 

The  Analogy  of  Weeds  and  Diseases  Carried  Further:  A  botanist 
can  take  his  manual  and  check  off  plants,  especially  weeds,  that  are  spread- 
ing or  migrating,  and  eonhdeutly  look  forward  to  the  time  when  they  will 
appear  in  his  own  locality.  Those  who  are  on  the  lookout  for  new  weeds 
are  rewarded  every  now  and  then  by  finding  new  arrivals.  The  date  of 
many  arrivals  is  known.  New  weeds  are  introduced  in  impure  garden 
seed,  or  in  the  packing  of  crates  or  boxes ;  some  travel  by  rail,  others  by 
water.  Some  come  to  stay  for  but  a  single  season ;  they  may  find  the  en- 
vironment unfavorable,  early  or  late  frosts  may  be  detrimental ;  some  live 
for  a  few  years  and  then  die  out ;  a  few,  however,  may  find  conditions 
favorable  and  flourish  to  such  an  extent  that  they  may  be  seen  everywhere, 
and  a  man  who  did  not  know  of  their  introduction  might  be  led  to  con- 
clude that  they  always  grew  in  the  locality.  The  list  of  naturalized  weeds 
in  our  State  is  today  quite  large. 

The  date  of  the  first  appearance  of  some  of  our  diseases  is  likewise 
known,  but  unless  a  disease  has  some  marked  or  striking  characteristic,  it 
is  apt  to  be  overlooked.  Influenza  and  cholera  were  readily  identified  when 
they  arrived  in  our  State  and  the  date  of  their  arrival  is  duly  recorded. 

3— A.  OF  ScrENCE. 
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but  tuberculosis  and  typhoicl  fever  eanie  in  so  quietly  and  unobtrusively 
that  no  notice  was  at  first  taken  of  them,  at  least  we  have  no  records  of 
their  first  appearance.  People  ordinarily  do  not  reason  about  these  things, 
but  the  early  Indiana  doctors  realized  that  a  change  was  going  on  and 
long  ago  the  Indiana  State  Medical  Society  had  appointed  a  committee 
to  look  into  the  matter.  (In  this  connection  I  may  say  that  only  last  week 
I  reported  to  the  Cass  County  Medical  Society  a  ease  of  tropical  sprue,  or 
psilosis,  brought  into  the  State  by  a  missionary  returned  from  Korea.  New 
cases  are,  however,  not  apt  to  arise  from  it.) 

Although  there  is  an  analogy  between  weeds  and  diseases,  the  former 
growing  in  the  earth,  the  latter  on  or  in  the  body,  yet  diseases  are  not  en 
titles  that  can  be  handled  and  examined.  But  in  the  childhood  of  the  race 
disease  was  held  to  be  a  thing  that  had  gotten  into  the  body,  had  taken 
possession  of  it,  and  tlie  early  medicine  man  tried  to  drive  it  out  by  the 
use  of  all  sorts  of  noises  and  nauseous  drugs,  even  by  torture.  The  Chi- 
nese and  Korean  medicine  men  of  today  are  quite  expert  in  thrusting  long 
needles  into  the  body  of  the  sick ;  it  is  really  wonderful  how  little  dam- 
age they  do — they  have  learned  how  to  avoid  the  vital  spots  or  organs.  In 
some  other  countries  the  sick  are  filled  up  with  all  sorts  of  nauseous  drugs, 
and  the  physicians  are  quite  skilled  in  knowing  what  to  give  so  that  the 
patient  may  not  die  from  the  effect  of  the  supposed  remedy. 

A  specific  disease  is  }iow  regarded  in  the  light  of  a  reaction  of  the 
organism,  of  the  body,  toward  some  foreign  cause,  the  reaction  depending 
on  the  kind  of  cause.  The  reaction  may  be  so  definite  that  the  disease 
may  be  diagnosed  from  the  symptoms  alone,  without  examining  into  the 
nature  of  the  cause,  th<)ugh  diagnoses  l)ased  on  a  recognition  of  the  cause 
are  of  course  more  exact  than  when  based  on  symptoms. 

The  classification  of  diseases  a  hundred  years  ago,  at  the  time  when 
our  State  was  first  being  settled,  was  by  classes,  orders,  genera  and  species, 
just  as  in  the  case  of  botany  and  zoology.  Many  systems  of  classification 
have  appeared,  each  one  sui)posed  to  be  an  improvement  over  preceding 
ones,  and  physicians  are  just  now  working  upon  a  new  system  which  they 
believe  will  stand  the  test  of  time.  Old  systems  were  based  on  symptoms, 
the  new  is  based  on  the  recognition  of  the  cause  of  the  disease.  Thiis 
Osier's  recent  treatise  takes  up  first  the  diseases  due  to  animal  parasites — 
those  due,  in  order,  to  protozoa,  parasitic  infusoria,  to  flukes,  cestodes, 
nematodes,  and  so  on — followed  by  the  specific  infectious  diseases,  from 
typhoid  and  typhus  fever  running  down  to  tuberculosis  and  leprosy,  in- 
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cUidiiiit;  some  whoso  ciiusos  Iimvc  not  liccii  dcnuitrly  identified,  analogy  ad- 
mitting tlieir  inclusion.  The  I'cactions  or  intoxications  due  to  the  ingestion 
of  chemical  sui)stanees,  such  as  alcohol,  morphia  aTid  lead,  follow,  with  a 
mention  of  sunstroke — and  then  all  at  once  there  is  a  classification  riot. 
For  want  of  something  hetter.  a  number  of  diseases  are  described  under 
the  head  of  "Constitutional  Diseases."  Then  follow  a  host  of  affections 
and  diseases  that  for  convenience  are  grouped  iinder  their  respective 
organs,  beginning  with  the  diseases  of  the  mouth  and  running  down  the 
alimentary  tract,  followed  by  the  affections  of  the  other  organic  systems — 
the  respiratory,  the  nervous,  etc.  One-third  of  the  book  is  thus  definite, 
based  on  a  scientific  system,  the  rest  is  simply  based  on  convenience  of  ref- 
erence. Although  we  have  here  real  progress,  yet  how  much  still  remains 
to  be  done. 

Some  of  you  may  recall  the  story  of  the  amateur  botanist  who  com- 
plained to  Linneus  of  the  poverty  of  Sweden  in  material  for  study,  and 
how  Linneus  placed  his  hand  over  a  tuft  of  moss  and  said,  "Here  is  study 
for  a  life-time."  To  study  diseases  we  need  not  go  to  unexplored  Africa, 
where  so  many  new  and  strange  diseases  are  being  found ;  our  common 
every-day  ailments  and  affections  and  diseases  are  worthy  of  the  deepest 
study,  much  is  still  to  be  learned  about  them.  Not  all  is  known  about 
'  common  everyday  coughs  and  colds,  about  rheumatic  and  neuralgic  aches 
and  pains,  about  anemia  and  fever,  dyspepsia  and  nervousness. 

The  old  physicians  diagnosed  diseases  almost  wholly  from  or  by  their 
symptoms;  and  they  were  close  observers,  with  sharpened  senses  like  those 
of  the  Indian.  The  modern  physician  relies  to  a  great  extent  on  so-called 
laboratory  methods,  and  the  influence  of  the  college  and  university  labora- 
tories is  being  felt.  Rough  and  ready  methods  are  more  and  more  being 
replaced  by  refined  ones.  But  we  must  not  undervalue  the  importance  of 
simple  observations,  without  the  use  of  instruments,  nor  should  we  neglect 
the  training  of  the  sense  organs. 

Scientific  classifications  are  for  scientific  minds,  but  we  must  not  for- 
get that  "Nature  makes  transitions  and  naturalists  make  divisions."  Hair 
splitting  in  medical  classifications,  or  nosology,  is  not  unknown.  As  a  mat- 
ter of  fact  each  group  of  specialists  has  its  own  system  and  nomenclature, 
and  when  the  average  all-round  jihysician  takes  up  one  of  the  special 
treatises  he  requires  the  aid  of  a  medical  dictionary. 

Popularly  we  can  classify  the  diseases  of  our  State,  including  those 
we  have  had  in  the  past  and  not  excluding  those  still  to  come,  according 
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to  the  way  in  winch  they  are  transmitted  from  one  indiviilual  to  another. 
It  is  perliaps  needless  to  say  that  diseases  are  carried  from  one  individual 
to  another,  from  host  to  host,  much  after  the  fashion  of  weeds  carried 
from  one  lield  to  another.  The  seed  of  a  weed  may  jiain  access  to  a  field 
by  being  blown  in  by  the  wind,  or  it  may  have  been  brought  in  by  an  ani- 
mal, especially  by  birds ;  many  weeds  have  been  brought  in  by  impure 
garden  seeds.  Cheat  or  chess  among  wheat  means  that  the  seed  was 
present ;  it  does  not  mean  the  transformation  of  one  species  into  another, 
nor  does  it  mean  a  spontaneous  generation. 

The  railways  are  important  factors  in  the  distribution  of  weeds,  as 
they  are  of  diseases.  Before  the  days  of  railways  new  diseases  traveled 
slowly,  cholera  and  influenza  required  a  long  time  to  encircle  the  globe  in 
their  early  migrations ;  today  diseases  may  si)read  rapidly.  In  a  thinly 
settled  country,  weeds  and  diseases  spread  slowly,  while  the  massing  of 
people  in  cities,  especially  in  the  absence  of  sanitation,  favors  dissemina- 
tion. 

Diseases  due  to  specific  causes  can  be  grouped  in  various  ways,  like 
weeds ;  whether  native  or  foreign ;  whether  coming  to  stay,  or  to  disappear 
after  a  short  time ;  whether  spreading  rapidly  and  then  dying  out,  or 
spreading  slowly  but  surely  and  permanently,  etc.  Looked  at  in  this  light 
we  might  regard  Milk  Sickness  as  a  native  disease  whicli  is  disappearing;' 
Cholera  as  a  disease  which  has  come  in  repeatedly  but  on  account  of  un- 
favorable conditions  never  gained  a  permanent  foothold ;  Malaria  as 
spreading  rapidly  and  lasting  for  a  long  time  and  then  declining;  Tuber- 
culosis as  coming  in  and  spreading  slowly  but  surely  and  not  yet  having 
reached  its  maximum  among  us.  Measles,  scarlet  fever,  smallpox,  whoop- 
ing cough,  etc.,  need  only  be  referred  to. 

.  Classificatioint  of  Diseases  Accoruing  to  Their  Modes  of  Transmis- 
sion :  In  a  general  way  we  may  classify  diseases  according  to  how  they 
are  carried  from  one  individual  to  another  thus: 

1.  By  direct  contact — from  one  host  to  another. 

2.  Transmited  through  insects.      (Notably  malaria.) 
o.     Diseases  conveyed  by  or  through  food. 

-i.     AVater-borne  diseases. 

5.  Air  and  dust-borne  diseases  and  affections  (notably  tuberculosis 
and  pneumonia,  with  a  host  of  other  respiratory  affections  and  a  variety 
of  aches  and  pains  and  functional  disturbances.) 
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Out,  of  tlio  luiiiiy  (lisoas(>s  and  iifToclions  that  come  under  one  or  the 
other  of  the  above  groups.  I  desire  to  make  mention  of  only  two,  namely, 
malaria,  already  referred  to,  and  tuberculosis — one  a  decreasing,  the  other 
an  increasing  disease. 

Malaria:  Malaria  was  the  Grendel  of  the  early  Indianians.  Today 
we  can  scarcely  realize  what  the  disease  meant  to  the  early  settlers ;  in 
some  localities  it  ravaged  frightfully.  Thus  in  the  early  history  of  our  cap- 
ital city  we  read  that  the  forest  was  cleared  in  1820  and  lots  laid  out  and  in 
the  spring  of  1S21  the  immigrants  rushed  in  to  the  number  of  six  hundred 
or  more.  In  the  latter  part  of  July  malaria  appeared,  and,  I  quote  from 
Drake,  "liefore  the  epidemic  closed  in  October,  nearly  every  person  had 
been  more  or  less  indisposed,  and  seventy-two,  or  about  an  eighth  of  the 
population,  had  died."  In  some  localities  the  disease  was  so  severe  that 
farming  lands  conUl  not  be  sold,  and  for  a  long  time  immigration  to  our 
State  was  retarded ;  people  went  through  to  Illinois,  to  the  prairies. 

In  an  account  of  the  diseases  prevailing  in  Indiana  in  1872,  by  Dr. 
Sutton,  it  was  noted  tliat  the  summer  was  dry.  and  in  comparing  reports 
from  differexit  counties  of  the  State  it  was  found  that  malaria  had  been 
more  pi'evalent  than  usual  in  some  of  the  rolling  southern  counties  and  in 
places  along  streams  and  rocky  creeks,  while,  on  the  other  hand,  it  was 
less  common  than  usual  in  the  nortliern  counties  where  before  it  had  been 
very  common  (but  where  drainage  had  made  some  of  the  worst  places  sa- 
lubrious). At  that  time  the  view  that  decaying  vegetation  and  moisture 
had  a  causative  influence  was  xmiversally  believed,  yet  that  theory  did  not 
explain  the  conditions.  Today,  in  the  light  of  the  role  the  mosquito  plays 
in  the  transmission  of  m.-ilaria,  we  can  readily  account  for  tlie  facts. 

In  the  rolling  southern  counties  many  of  the  small  streams  are  fed  by 
springs  which  flow  a  small  volume  at  all  times,  but  in  dry  seasons  not 
sufficiently  to  create  a  current  in  the  rocky,  creeks ;  hence  many  pools 
formed,  and  these  pools  served  for  breeding  places  for  mosquitoes.  Or- 
dinarily even  a  small  continuous  cnrr-nit  of  water  will  prevent  the  devel- 
opment of  mosquito  eggs,  and  we  must  keep  in  mind  the  presence  of  fish 
and  insects  which  feed  on  the  )nosquito  larva,  but  which  die  off  in  times 
of  low  water,  on  account  of  its  stagnacy.  In  the  wet  northern  counties 
the  drought  meant  a  drying  out  of  the  breeding  places  of  the  mosquitoes, 
with  a  consequent  reduction  of  the  nxnnber  of  insects  and  of  cases  of  ma- 
laria. The  same  reasoning  holds  for  the  increase  of  malaria  along  the 
larger  streams ;  in  ordinary  stages  of  water  there  may  be  no  stagnant  pools 
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or  isolated  bayous,  but  siu  b  torui  in  time  of  drougbt,  resultiujj;  in  a  de- 
struction or  tbe  minnows  and  tlie  development  of  countless  numbers  of 
mosquitoes. 

Mosquitoes  :  Mosquitoes  occurred  in  immense  numbers  in  tbe  early 
days,  when  breeding  places  were  plentiful.  They  were  common  along  tho 
canals,  and  an  English  traveler  on  the  Wabash  canal,  in  1851,  writes  of 
them  :  "After  tea,  we  all  began  a  most  nuirderous  attack  upon  the  mos- 
quitoes that  swarmed  on  the  windows  and  inside  our  berths,  in  exi^ecta- 
tiou  of  feasting  upon  us  as  soon  as  we  shoidd  go  to  bed.  But  those  on 
which  we  made  war,  were  soon  replaced  by  others ;  and  the  more  we  killed, 
the  more  they  seemed  to  come  to  be  killed,  like  Mrs.  Bond's  ducks ;  it  was 
as  though  they  would  defy  us  to  exterminate  the  race.  At  last,  we  gave  up, 
the  task  as  hoi)eless,  and  resigned  ourselves,  as  well  as  we  could,  to  pass  a 
sleepless  night."  He  adds ;  "What  with  turning  about  on  account  of  the 
heat  and  trying  to  catch  the  mosquitoes,  who  bit  us  dreadfully,  we  did  not 
get  nuich  rest ;  and  we  rose  the  next  morning  unrefreshed." 

Canals  were  a  factor  in  the  mosquito  malaria  problem.  In  some  of  the 
older  States  it  was  noticed  that  malaria  followed  tlie  canals,  that  the  dis- 
ease appeared  where  it  had  formerly  been  unknown ;  in  other  places  it 
markedly  increased  its  prevalence;  some  towns  were  almost  depopulated. 
When  Indiana  undertook  to  build  canals  the  malaria  question  was  not  over- 
looked ;  there  was  opposition.  The  reservoirs  were  considered  especially 
obnoxious,  and  in  places,  notabl.v  in  Clay  County,  the  people  began  to  de- 
stro.y  them ;  State  troops  had  to  be  called  out  to  protect  the  embankments ; 
the  Legislature  even  appointed  a  committee  to  inquire  into  the  matter  and 
report.  This  commission,  and  medical  men  generall.v.  tried  to  minimize 
the  supposed  evil  influence;  in  the  light  of  the  then  prevalent  decaying- 
vegetation  theory  they  could  not  see  how  canals  or  reservoirs  could  in- 
crease the  disease.  Today  we  can  readily  see  that  the  popular  belief  rested 
on  good  foundation;  the  I'eservoirs  and  the  small  ponds  made  on  account 
of  the  embankments  at  gulleys  or  ravines,  formed  breeding  places  for  mos- 
quitoes. The  larger  ponds  in  the  course  of  time  became  inhabited  by  fish 
and  thereby  lost  their  mos<iuitoes.  but  in  the  smaller  ponds  with  a  period- 
ical drying  out,  fish  could  not  live. 

It  was  noticed  that  canal-boat  men  suffered  less  from  the  disease  than 
the  people  along  the  banks,  and  this  at  first  sight  seems  difficult  to  explain. 
But  the  explanation  is  simi)le;  it  is  analogous  to  the  explanation  of  why 
railway  conductors  and  iiorters  seem  healthy  in  spite  of  their  exposure  to 
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infective  dust  from  the  coaches,  especially  the  sniolving  cars.  On  our  rail- 
ways today,  men  who  are  constantly  suffering  from  the  evil  effects  of  in- 
haling a  polluted  atmosphere,  manifested  by  colds  and  coughs,  and  ca- 
tarrhs, by  weeping  eyes  and  noses,  and  are  inclined  to  be  sickly  and  de- 
mand frequent  vacatious,  such  men  are  not  long  retained  in  these  posi- 
tions by  the  railway  managers— -the  weeding  out  process  goes  on  all  tlie 
time.  Similarly  a  canal-boat  man  who  was  readily  attacked  by  malaria 
and  who  lost  much  time  on  account  of  it,  was  not  long  retained  in  the  po- 
sition ;  those  who  retained  their  positions  were  the  more  resistent  ones. 

Facts  are  sometimes  explainable  by  different  theories.  In  the  following 
story,  taken  from  Drake,  the  substitution  of  "mosquitoes"  for  "whisky," 
as  the  apparent  cause,  more  satisfactorily  accounts  for  the  facts  or  condi- 
tions. It  should  be  remembered  that  the  Anopheles  mosquitoes  are  night- 
biters,  that  ordinai'ily  they  fly  low,  and  do  not  frequent  rooms  or  housed  in 
which  tobacco  is  smoked. 

A  few  miles  to  the  east  of  Fort  Wayne  there  was  a  densely  wooded 
swamp,  known  as  the  Mainnee  or  Black  Swamp,  which  extended  oh  into 
Ohio.  This  swamp  seems  to  have  been  salubrious ;  it  was  free  from  ma- 
laria, and  families  who  settled  in  it  "enjoyed  uninterrupted  autunmal 
health  for  three  or  four  years,"  until  malaria  was  brought  in  by  other  set- 
tlers. In  18.''kS  excavations  were  made  in  the  eastei'n  end  of  this  wet.  section 
for  a  canal.  "The  laborers,  four  or  five  luuidred  in  mnnber,  were  chiefly 
Irish,  who  generally  lodged  in  temporary  shanties,  while  some  occupied 
bowers  formed  out  of  the  green  limbs  of  trees.  *  *  *  One  contractor 
kept  a  liquor  store,  and  sold  whisky  to  all  whom  he  employed,  which  was 
drank  freely  *  *  *  the  mortality  H'rom  malaria)  amcmg  them  was 
very  great.  Another  lodged  his  operatises  on  straw  beds,  in  the  upper 
room  of  a  large  frame  house,  made  them  retire  early,  kept  them  from  the 
use  of  whisky,  and  nearly  all  escaped  the  disease." 

In  this  connection  it  may  be  said  that  in  the  malaria  prophylaxis  of 
Italy,  screens  on  houses,  and  an  avoidance  of  the  mosquitoes  outside  of  the 
houses,  are  of  the  greatest  importance.  In  our  own  coiuitry  the  use  of 
screens  in  windows  and  doors  is  a  most  important  factor  in  the  diminu- 
tion of  many  ailments  and  diseases  that  formerly  prevailed  during  the  time 
of  mosquitoes  and  flies,  cholera  infantum  not  the  least  among  them. 

The  belief  in  the  injuriousness  of  night  air,  still  so  prevalent  among 
us,  is  readily  traced  to  the  days  of  the  night-biting  Anopheles  mosquitoes 
filled  with  the  germs  of  malaria.     These  mosquitoes  do  not  live  in  cities,  or 
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at  most  ouly  iti  the  outskirts,  and  city  night  air  is  really  better  than  that 
-of  the  day  time,  because  there  is  less  dust  in  it. 

The  widespread  use  of  quinine  today  is  also  traceable  to  the  days  of 
much  malaria.  I'hen  it  was  given  in  almost  every  case  of  sickness,  a  sort 
of  panacea,  and  this  practice  is  simply  kept  up,  not  only  by  the  people  but 
by  many  doctors.  Today  quinine  really  has  a  very  limited  use.  The  so- 
called  "False  malaria"  of  our  cities  has  no  relationship  to  malaria  proper; 
it  is  snnply  a  reaction  due  to  bad  air.  and  not  to  the  Plasmodium  malaria. 

In  the  early  days,  when  there  was  but  little  quinine,  and  that  high 
priced,  many  of  the  native  barks  and  herbs  were  used,  notably  the  Dog- 
wood, lellow  I'oplar,  Wild  Cherry,  Thoroughwort  and  American  Centaury. 
They  weie  steeped  In  whisky  and  formed  "bitters ;"  bitters  still  survive 
and  some  are  widely  ad>ertised  in  the  newspapers;  as  a  rule  their  value  is 
nil,  A  numi)er  of  other  things  concerning  malaria  might  be  mentioned, 
but  I  must  desist  and  will  close  this  account  with  a  few  remarks  on  Adap- 
tation and  Immunity. 

We  know  that  plants  and  animals  are  adapted  to  their  surroundings 
and  that  few  can  bear  any  marked  change  of  environment ;  wet  soil  and 
dry  soil  plants  can  not  exchange  places,  nor  can  tropical  animals  exchange 
places  with  those  of  the  frigid  zones.  But  many  of  our  cultivated  plants 
and  animals  have  been  shifted  about  so  much  that  they  are  able  to  flour- 
ish under  a  variety  of  surroundings,  just  as  the  white  man  flourishes  be- 
cause he  has  had  such  a  varied  experience  in  the  past.  Now  there  is  also 
an  adaptation  in  the  case  of  diseases.  Where  a  disease  has  long  been  in 
a  country  or  locality,  there  is  a  mutual  adaptation  between  the  disease  and 
the  people,  or  in  other  words,  between  the  parasite  and  the  host.  If  a  dis- 
ease is  so  virulent  that  it  kills  off  all  the  people,  then  the  disease  in  turn 
is  killed  oft,  or  dies  out,  for  want  of  material.  If  on  the  other  hand,  a  dis- 
ease is  not  strong  enough  to  attack  at  least  some  members  of  a  conuuunity, 
then  it  is  apt  to  be  mild  and  to  pick  out  and  live  only  on  the  weak  and 
feeble  or  aged  or  the  very  young,  the  robust  adults  escaping.  But  where  a 
disease  gets  among  a  people  who  have  never  had  it  then  it  may  be  very 
destructive,  many  may  perish  and  few  survive,  but  the  survivors  may  re- 
people  the  territor.v  with  a  stock  less  susceptible,  and  we  can  see  how,  in 
the  course  of  ages,  with  a  killing  off  or  weeding  out  of  the  susceptible,  a 
strain  may  be  jjroduced  that  is  able  to  live  in  the  presence  of  the  disease. 

Exanjined  in  this  light  we  get  some  clew  to  the  original  home  of  ma- 
laria.   The  negro  of  Africa  is  quite  immune  against  malaria;  there  is  an 
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MALARIA  IN  INDIANA. 

rrimeval  conditions. 

Ground  covered   by   forest  or   herbage,   retention   of   moisture 

or  rain. 
Streams  running,  clear,. full  of  fish. 

Coming  in  of  the'  settlers.    ■     • 

Desti-uction  of  the   forest,  periodical   drying  up  of  the  small 
streams.  ,  .  .  •  •  . 

Destruction  of  fish,  increase  of  mosquitoes. 


Advent  of  malaria. 

Absence  of  physicians  and  remedies— antiperiodics. 

Settling   up   of   the   country,    malarial   parasite   more    readily 
transferred. 

Canal  reservoirs  and  railway  embankment  ponds  as  factors. 

Drainage  of  wet  places,  fewer  mosquitoes. 

Free  use  of  quinine. 

Isolation  of  the  sick  and  use  of  screens. 

Subsidence  of  malaria. 

No  malaria  in  large  cities,  little  in  sulnirbs. 

Continuance  of   malaria   in  backward  communities. 
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adaptation.  The  disease  producing  agent,  tlie  Plasmodium,  is  tlieie,  and 
has  been  found  in  the  blood  of  the  people  without  apparently  doing  much 
harm,  but  when  a  white  man  gets  into  the  country  he  may  succ-umb  very 
quickly.  There  may  be  even  a  marked  difference  in  white  men  in  their  sus- 
ceptibility to  malaria,  or  other  diseases,  doubtless  depending  on  the  ex- 
posure of  the  ancestors  in  former  times.  The  susceptibility  of  our  native 
Indians  is  one  of  the  chief  arguments  against  the  indigenous  origin  of 
inalaria. 

Malaria  in  Indiana  has  about  run  its  course,  as  it  has  in  older  civilized 
countries;  its  mortality  today  is  slight — our  dog  fennel  days  of  malaria 
are  about  oAcr. 

Tt'bercllosis  :  If  malaria  was  the  Grendel  of  early  Indiana,  tuber- 
culsis  occupies  that  jiosition  in  our  >>tate  today.  While  there  has  been  a 
steady  decrease  in  mortality  from  malaria,  there  has  been  a  steady  in- 
crease in  mortality  from  tuberculosis,  and  we  have  not  yet  reached  the 
Tiaximum.  Tuberculosis  is  an  air-borne  disease,  or.  more  strictly  speaking. 
a  dust-borne  disease,  and  conditions  in  our  State  were  never  so  bad  as 
today.  Although  the  mortality  statistics  of  tuberculosis  are  a  fair  index  of 
bad  air  conditions,  they  do  not  tell  the  whole  truth ;  the  deaths  from  a 
number  of  other  affections  must  be  included,  notably  those  from  pneu- 
monia. 

Tuberculosis  is  the  slow  protest  of  nature  against  bad  air  conditions, 
pneumonia  is  the  sudden  outcry.  The  approach  of  tuberculosis  is  heralded 
by  many  and  repeated  warnings — clinicians  speak  of  a  pre-tubercular  stage, 
a  stage  of  coughs  and  colds,  of  pains  and  aches.  Pneumonia  strikes  sud- 
denly, without  warning.  The  stranger  within  the  gates  of  the  city  has  no 
time  to  flee;  and  to  remain  in  the  crowded  city  is  too  often  synonymous 
with  death.  In  the  countiy  where  air  conditions  are  good,  pneumonia  is 
neither  frequent  nor  very  fatal,  and  under  good  air  conditions  tuberculosis 
does  not  thrive  at  all ;  indeed,  the  city  victim  on  going  out  into  good  air  is 
apt  to  recover,  if  he  goes  in  time.  The  ancient  Greeks  knew  the  value  of 
good  air,  the  ponderous  volumes  of  the  physicians  of  a  luuulrcd  years  ago 
testify  to  its  ^-alue,  a  value  which  we  are  now  but  re<liscovering — we  do 
not  yet  fully  appreciate  it. 

We  as  a  matter  of  course  look  upon  tuberculosis  as  the  great  enemy 
of  the  human  race — l-nt  after  all  it  may  be  a  friend  in  disguise !  Few  may 
be  able  to  look  at  it  in  that  light,  but  some  arguments  may  be  made  in  sup- 
port of  sucli  ;i  statement. 
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The  old  herb.-ilists  bolievod  lliat  the  Creator  made  no  i)laiit  in  vain; 
they  believed  that  every  plant  had  its  uses,  if  we  could  only  find  it  out. 
Looked  at  in  this  lijiht  the  lowly  plants  that  produce  disease  may  have 
some  use;  the  cholera  bacillus  teaches  our  cities  to  clean  up.  and  in  pro- 
portion as  they  clean  up  they  escape  the  ravages  of  the  disease.  The  ty- 
phoid bacillus  teaches  us  to  look  after  the  purity  of  our  water  supply,  and 
cities  and  individuals  who  heed  the  lesson  escape  the  disease.  Perhaps 
the  tubercle  bacillus  may  teach  us  to  clean  up  our  cities  and  our  homes 
and  meeting  i)laces ;  it  may  teach  us  the  use  of  pure  air.  But  if  tubercu- 
losis is  a  friend  of  the  race,  it  needs  watching  as  fire  needs  watching ;  like 
it.  it  may  be  an  exceedingly  bad  master. 

We  must  look  at  the  pre-tubercular  stage  in  the  light  of  a  warning 
to  get  out  of  the  dusty  and  smoky  city ;  the  aches  and  pains  and  the  coughs 
and  colds  may  subside  very  promptly  in  good  air.  If  the  individual  re- 
mains in  the  city  the  disease  sets  in  in  earnest,  to  attack  the  lungs,  and 
then  it  generates  hope,  and  the  victim  wants  to  be  up  and  about.  And 
he  should  heed  the  additional  warning  before  it  is  too  late;  he  should  not 
lie  about  the  liouse  or  the  dusty  city ;  he  should  go  out  into  "God's  green 
country"  and  into  the  sunshine  and  pure  air. 

When  a  man  has  an  acute  alimentary  tract  affection,  not  to  say  dis- 
ease, nature  takes  away  his  api)etite  and  makes  him  gloomy ;  he  lies  about 
and  refuses  food,  thus  imitating  the  lower  animals;  if  he  persists  in  eat- 
ing she  sends  a  violent  i>ain  and  he  will  probably  desist.  Nature  wants  no 
food  and  no  work  to  do  with  an  impaired  alimentary  tract;  she  wants 
rest,  just  as  a  broken  bone  wants  rest  to  repair  the  damage.  Men  who  heed 
the  warnings  of  nature,  the  little  aches  and  pains  that  tell  them  to  do 
this  and  avoid  that,  are  apt  to  live  longest ;  the  chronic  invalid  who  takes 
care  of  himself  may  live  on  to  old  age,  while  the  so-called  strong  or  robust 
man  who  never  has  an  ache  or  a  pain,  no  warnings  from  nature,  nmy  go  to 
pieces  all  at  once  and  prematurely. 

The  aches  and  pains  of  the  pre-tubercular  stage  of  consumption  should 
be  heeded,  and  the  hope  generated  by  the  disease  itself  should  be  acted 
upon ;  nature  is  showing  the  way.  The  elimination  of  the  imprudent,  and 
of  those  not  adapted  to  their  surroundings,  has  been  going  on  for  countless 
ages.  Disea.ses  have  killed  off  our  weak,  and  the  process  still  continues. 
Our  Indians  scarcely  came  within  the  range  of  disease  elimination;  their 
life  was  )ioi  conducive  to  the  projiagation  of  diseases,  certainly  not  of  tu- 
berculosis..   When  the  white  man  brought  in  tuberculosis  the  Indian  was 
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scarcely  attacked  so  loug  as  he  lived  under  old  time  conditions,  an  active 
out-door  life ;  but  vi^lien  he  tried  to  live  under  white  man's  conditions,  in  a 
fixed  home,  he  promptly  began  to  fail  and  is  still  failing — just  as  the  negro 
fails  when  he  crowds  into  the  cities,  and  as  the  Italian  fails  who  comes  to 
our  cities  from  the  pure  air  of  his  mountain  home.  We  may  say  the  Ital- 
ian is  degenerate,  that  he  has  no  stamina,  but  that  does  not  explain  his 
susceptibility,  no  more  than  to  say  the  Chinaman  is  degenerate  because  he 
can  live  under  filth  conditions  that  the  white  man  can  not  bear.  The  Jews 
coming  from  the  old  European  cities,  where  their  ancestors  have  for  a  long 
time  lived  in  the  ghettos  and  under  extremely  unsanitary  conditions,  are 
quite  resistent  to  attacks  of  tuberculosis ;  they  are  simply  the  survival  of 
the  fittest ;  the  Jew  whose  ancestry  goes  back  to  the  open  country,  to  a  pure 
air  life,  can  not  hold  up  alongside  the  other,  for  his  ancestors  have  not  un- 
dergone the  elimination  process. 

Tuberculosis  is  a  protest  against  bad  air  conditions.  We  ought  to  be 
the  healthiest  and  strongest  people  on  the  face  of  the  earth ;  land  is  abun- 
dant and  fertile,  we  have  no  years  of  famine,  men  are  not  tied  down  as  in 
the  old  world ;  the  poor  food  of  Europe  and  the  long  hours  of  toil  are  un- 
known among  us ;  at  least  there  is  no  valid  reason  why  long  hours  should 
be  required.  In  spite  of  these  conditions  tuberculosis  is  on  .the  increase 
among  us,  whei'eas  in  some  European  cities  there  is  a  deci'ease.  Why 
should  this  be  so? 

If  we  write  out  statements  of  conditions,  one  line  for  clean  European 
cities  and  auotlier  line  for  American  city  conditions,  and  make  an  equation 
by  canceling  conditions  that  equal  each  other,  we  have  left  the  polluted 
air  condition  or  factor;  it  offsets  all  our  advantages. 

Many  individuals  can  tlu'ive  in  the  air  of  our  cities  today,  othei's  fail ; 
thousands  fail  every  year.  Many  contract  the  disease  in  the  city  and  go  to 
the  country  to  die ;  many  die  f  roin  city  diseases,  other  than  tuberculosis 
and  pneumonia,  traceable  to  bad  air  conditions. 

Shall  we  let  bad  air  conditions  go  on,  or  even  get  worse,  as  they  seem 
to  be  doing,  and  shall  we  let  countless  thousands  die  in  the  unceasing  pro- 
cess of  adaptation  to  environment,  or  shall  we  attempt  to  modify  the  ab- 
normal environment  and  allow  these  thousands  to  live?  We  are  told  that 
tuberculosis  is  a  curable  disease,  and  that  it  is  a  preventable  disease.  It 
is  an  introduced  disease  which  we  have  allowed  to  flourish  unhindered.  It 
is  a  disease  that  flourishes  only  under  certain  surroundings.     We  can  make 
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TUBERCULOSIS  IN  INDIANA. 

Pvimevai  couditions.  ^^^^^^^ 

Ground  covered  by  vegetation-uo  dust.     Ind.au 

for  dust.  ,     .^ 

OuMoor  n.e  not  coMuclve  to  t.e  Propagation  o.  tuberculo... 
con,.,.  >n  of  tne  wMte  n,an,  ,n.uu.  >,.s  »ea..  teeWe  an,  .c  • 

Coatin.  ot  tne  gronna,  to,-u,atl„n  ot  a„st;  Ind.an  appUea  na„,e 
of  aslies  to  it. 

Buuatng  ot  cabin,  and  Uonses.  tor.nation  ot  bouse  du.t. 

coming  m  ot  tbe  feeble  and  siclc;  oared  for  in  bonse.. 

Advent  of  tuberculosls.-Tubercle  bacillns. 

settling  np  of  tbe  conntfy.  bnildln,  of  t.„ads-foto,at,on  ot 

road  dust. 
Villages  as   factors,   increased   facilities   for   distribnt.ng   tbe 

disease.  . 

Tbe  village  store,  farmers  crowded  abont  tbe  stove  ,n  w.nter, 

a  factor. 
Scbools,  cbnrcbes,  n.eeting  balls,  factors  in  polluted  air. 
development  ot  tbe  tobacco  cbewing  bablt,  on  important  factor 

—spitting. 
Developntent  of  town   conditions,  shops  and  trades,   couflne- 

meut  of  men  indoors, 
coming  of  the  railroads  and  filtlay  cars  and  plush  seats. 
Development  of  city  conditions- city  dust. 
Smoke  from  coal;  paved  streets  and  sidewalk  dust. 
Street  cars  as  factors,  crowding  and  bad  air. 
Tenements  and  flats,  poor  ventilation  and  little  sunlight. 
The  trailing  dress  an  important  factor,  filth  dragged  into  the 

home. 
Vdvent  of  the  cit,'  slums,  increase  of  poverty  and  neglect. 
Pdunting  of  sensibilities  by  the  use  of  alcohol,  opiates  and  ano- 

dynes. 
Continued  increase  of  tuberculosis. 
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these  surrouudiugs  unfavorable  for  the  disease;  but  it  takes  a  combined 
effort,  the  individual  is  powerless. 

Malaria  is  disappearing  because  the  conditions  favorable  for  its  exist- 
ence are  disappearing;  the  opposite  is  true  of  tuberculosis.  Moreover, 
quinine  both  prevents  and  cures  malaria,  and  pure  air  prevents  and  cures 
tuberculosis.  Whisky  and  calomel  were  popular  prescriptions  for  ma- 
laria, neither  cured;  whisky  and  cod  liver  oil  are  popular  prescriptions 
for  tuberculosis  today,  yet  neither  cure,  neither  singly  nor  combined. 

The  administration  of  whisky,  or  of  alcohol  in  any  form,  may  be  fol- 
lowed by  a  sense  of  well-being  in  tuberculosis,  and  in  dust  infection  gen- 
erally, and  that  is  the  reason  why  alcoholic  preparations  are  so  popular 
and  so  widely  advertised  as  cures.  But  the  sense  of  well-being  is  a  false 
sense  of  security ;  to  benumb  the  body  and  reduce  the  pain,  the  pain  by 
which  nature  warns  us,  is  poor  treatment.  As  a  matter  of  fact,  alcohol  is 
still  one  of  the  great  eliminators  of  the  human  race ;  if  we  are  wise  we  will 
avoid  using  it. 

Over  fifty  years  ago  one  of  the  pioneer  physicians  of  Eastern  Indiana 
wrote  of  the  changes  he  had  observed  in  his  community  and  in  the  State ; 
he  said :  "Phthisis,  pneumonia  and  bronchitis  are  believed  to  be  on  the 
increase.  Whether  this  is  due,  in  any  degree,  to  improved  modes  of  living, 
such  as  tight  houses,  the  general  use  of  stoves,  a  less  constant  exercise  in 
the  open  air,  etc.,  it  would  be  interesting  to  know."  Today  we  know.  Fifty 
years  ago  conditions  in  Indiana  were  quite  primitive  compared  with  con- 
ditions seen  in  our  cities  today,  and  yet  the  gradual  increase  of  dust  dis- 
eases was  being  noticed.     (Tuberculosis  in  Indiana,  page  45.) 

(The  chart  of  the  evolution  of  different  kinds  of  dust  will  explain  it- 
self.)    (Dust  chart,  page  47.) 

Tuberculosis,  known  also  as  phthisis  and  consumption,  is  among  us; 
it  came  in  with  other  diseases ;  it  came  in  like  some  of  the  weeds  of  the 
fields.     How  soon  will  we  make  any  attempt  to  get  rid  of  it? 

Our  State  Board  of  Health  has  been  and  is  an  important  agent  in  dif- 
fusing a  knowledge  of  diseases  and  of  disease  prevention  among  our  people, 
and  the  recent  establishment  of  laboratories  for  identifying  diseases  and 
for  testing  the  purity  of  foods  and  drinks  is  of  the  greatest  importance. 

Physicians  have  been  the  prime  movers  in  the  establishment  of  these 
evidences  of  civilization,  but  it  has  been  a  long  fight. 

I  am  glad  to  see  several  papers  on  the  program  of  our  Academy  this 
year  that  bear  on  the  subject  of  sanitation;  there  have  been  some  in  the 
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past,  aiid  I  hope  to  see  more  in  the  futiu-e;  perhaps  they  could  be  grouped 
under  a  separate  head,  that  of  Sanitary  Science. 

Our  Academy  has  a  counnittee  on  "Legislation  for  the  Restriction  of 
Weeds."  The  popular  conception  of  a  weed  is,  a  plant  growing  in  the  gar- 
den or  field  or  meadow,  of  a  plant  out  of  place  and  more  or  less  resisting 
destruction  at  the  hands  of  inan.  That  some  plants  grow  on  and  in  the 
human  body,  and  in  animals  as  well,  is  not  so  well  known.  The  thought 
has  suggested  itself:  Perhaps  the  scope  of  this  committee  could  be  en- 
larged by  taii:ing  account  of  the  minute  weeds  of  the  body.  I  would  like 
to  see  the  title  of  this  committee  read  "Legislation  for  the  Restriction  of 
Weeds  and  Diseases."* 

STATE  HOSPITAL  FOR  TUBERCULOSIS. 

In  conclusion  I  desire  to  make  a  few  remarks  concerning  the  establish- 
ment of  a  State  institution  for  the  treatment  of  tuberculosis. 

Modei'n  medicine  concerns  itself  more  and  more  with  disease  preven- 
tion, in  the  individual  and  in  the  community.  To  give  relief  from  disease 
and  affliction  has  always  been  the  aim  and  the  practice  of  the  physician, 
but  so  long  as  the  active  causes  of  diseases  and  the  modes  of  their  trans- 
mission were  unknown,  little  could  be  done  in  disease  prevention.  The 
good  Samaritan  still  has  a  place,  but  the  physician  who  today  is  only  a 
Samaritan  in  binding  up  wounds  and  who  makes  no  effort  to  prevent  the 
infliction  of  wounds,  or  who  treats  diseases  and  makes  no  effort  to  prevent 
the  propagation  of  diseases. — such  a  physician  does  not  fully  represent 
modern   medicine. 

Modern  medicine  knows  uuich  about  disease  prevention,  if  the  knowl- 
edge were  only  applied.  Intelligence  counts  for  much.  The  intelligent  of 
a  community  often  avoid  much  sickness,  whereas  the  ignorant  suffer ;  some 
of  the  latter  are  kept  in  a  state  of  poverty  on  account  of  their  lack  of 
knowledge  of  diseases  and  disease  prevention.  As  people  become  better 
educated  in  sanitary  science  and  in  hygiene,  they  will  require  more  of  their 
physicians.  The  high  school  graduate  who  has  studied  the  human  body  in 
health  and  in  disease  is  not  apt  to  be  a  purchaser  of  quack  medicines,  or  to 
consult  an  ignorant  physician,  much  less  one  who  has  to  herald  his  ac- 


'■'On  the  day  followin}?  this  susgestion,  the  chairman  of  the  above  committee  made  a 
motion  to  enlarge  this  committee  by  adding  two  men  who  ><re  physicians  and  changing  the 
title  as  suggested;  the  motion  was  carried  without  a  dissenting  voice. 
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complisbments  in  advertisements  in  ttie  newspapers.  Mucli  is  to  be  ex- 
pected fi'om  tlie  teacliing  of  sanitary  science  in  onr  scliools. 

Since  it  was  discovered  tliat  tnbercnlosis  is  a  curable  disease,  a  num- 
ber of  countries  and  States  liave  establisbed  institutions  wbere  such  sick 
can  be  treated.  Germany  leads  in  this  work.  Some  of  the  institutions  are 
tent  colonies  in  the  forests.  Out-of-door  life,  plain  food  and  drink,  pure 
air,  little  or  no  medicine,  that  is  all  that  is  required.  The  nostrums  ad- 
vertised in  the  newspapers  are  of  no  value.  Nature  simply  needs  a  chance 
to  correct  the  difficultj\  When  the  disease  has  once  fully  taken  hold,  little 
is  to  be  expected  from  any  form  of  treatment,  and  only  too  often  the  real 
nature  of  the  disease  is  not  recognized  until  it  is  too  late.  It  is  possible 
to  recognize  the  early  stages  of  tuberculosis,  and  that  is  the  time  for  be- 
ginning treatment ;  beginning  in  the  pre-tubercular  stage  is  still  better. 
With  flames  bursting  from  every  window,  we  do  not  look  for  the  firemen 
to  save  the  building,  but  we  rather  expect  it  of  them  when  they  arrive  at 
the  stage  of  much  smoke  and  a  tiny  flame. 

There  are  at  least  25,000  individuals  afflicted  with  tuberculosis  in  our 
State  today,  and  5,000  die  annually  in  Indiana  from  this  disease ;  in  addi- 
tion many  die  from  pneumonia  and  other  respiratory  diseases,  and  of  af- 
fections dependent  on  a  polluted  atmosphere.  Shall  we  imitate  Germany 
A^id  a  number  of  our  sister  States  and  attempt  to  save  these  lives,  or  shall 
we-  Vet  disease  elimination  go  on  unhindered?  Sooner  or  later  the  process 
of  elin4pation  will  reach  our  own  families,  it  may  reach  us  individually. 

But,  jjftu  may  say,  it  will  require  an  immense  institution  to  take  care 
of  so  many  si^ck.  So  it  would  if  all  were  to  be  admitted,  but  we  can  at 
once  exclude  tho^  who  are  mortally  ill  and  who  can  not  recover,  and  if  we 
also  exclude  those  who  are  able  to  pay  for  treatment  at  a  private  institu- 
tion, the  number  wa\ild  be  considerably  reduced.  We  need  scarcely  con- 
sider the  argument  thfvt  if  the  State  allows  its  citizens  to  get  sick  from 
preventable  disease,  it  should  also  take  care  of  those  sick. 

As  a  matter  of  fact  many  institutions,  even  State  institutions,  can  not 
take  care  of  more  than  a  hundred,  or  at  most  a  few  hundred  of  the  acutely 
sick.  What  then,  you  say,  is  the  use  of  attempting  to  save  the  few  and  let 
the  many  perish?  That  is  one  way  of  looking  at  it.  But  if  we  look  at  a 
State  Hospital  as  being  a  school  for  missionaries  in  the  cause  of  pure  air 
and  right  living,  we  get  a  different  conception  of  the  problem.  It  is  not  a 
question  of  saving  a  few  out  of  the  many  lives  now  going  to  waste  and 

4— A.  OF  Science. 
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leaving  behind  a  trial  of  desolntion,  but  it  is  a  question  of  trying  to  bring 
about  a  change,  in  arresting  the  increase  of  the  disease  in  our  State.  Every 
man  and  every  woman  who  returns  from  such  an  institution  would  be  a 
missionary  in  the  cause  of  pure  air  and  right  living— and  we  need  such 
missionaries  more  than  do  the  heathen. 
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A  State  Natural   1*ark. 


Fred   J.    Breeze. 


Primeval  Indiana  has  passed  away.  The  gi-eat  forest-covered  phiins 
are  now  bare,  and  divided  into  cultivated  fields.  The  wild  animals,  like 
the  bison,  bear  and  deer,  have  gone  with  the  forests ;  while  numerous 
species  of  birds  and  other  small  animals  have  also  disappeared.  Our 
streams  have  lost  their  purity  and  wild  beauty ;  some  have  been  fouled 
with  sewage,  while  others  have  been  dredged  and  straightened  into  arti- 
ficial drainage  channels.  Thousands  of  niarshes  and  hundreds  of  lakes 
have  been  drained,  and  cultivation  of  the  soil  has  destroyed  thousands  of 
the  smaller  forms  of  plant  life. 

Not  all  of  these  changes  are  desirable,  neither  are  they  all  necessary, 
yet  the  destruction  of  natural  features  will  continue;  aud  it  seems  that 
the  time  is  not  far  away  when  Indiana  will  be  nothing  but  a  vast  expanse 
of  farms  and  cities,  and  man,  having  humanized  everything,  will  be  sur- 
rounded by  a  surfeit  of  artificial  features,  the  only  fauna  and  fiora  being 
Uie  domestic  animals  aud  plants. 

Some  intelligent  work  ought  to  be  done  to  stop  the  useless  destruction 
of  the  wild  forms  of  nature.  Many  natural  conditions  still  existing  ought 
to  be  preserved,  and  others  now  gone  but  still  redeemable  ought  to  be  re- 
stored before  it  is  too  late.  Every  farm  has  some  little  corner  of  ground 
which  is  not  tillable  and  this  should  be  given  over  to  nature.  Here,  trees, 
snrubs  and  fiowers  may  grow  in  freedom,  and  birds  and  small  ground  anl 
mals  find  safe  retreat.  Every  county  should  have  a  small  reserve  or  na- 
tural park.  Such  an  area  could  well  serve  as  a  small  forest  reservation, 
as  well  as  a  place  where  a  rich  plant  and  animal  life  could  safely  exist. 

But  to  maintain  an  area  in  which  natural  or  primitive  conditions 
could  exist  on  a  suHiciently  large  scale  we  need  a  natural  park  under  the 
control  of  the  State.  It  should  be  several  square  miles  in  area,  aud  should 
be  in  the  northern  ])art  of  the  State,  so  that  it  might  include  a  lake  withiu 
its  linnts.  Its  size  and  shape  should  make  it  possible  not  only  to  have  a 
lake,  but  a  stream  basin  drained  by  the  lake.  Into  this  park  should  be 
placed  the  wild  animals  that  formerly  lived  in  this  State.     Here  animals 
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and  plants  could  live  under  perfectly  natural  conditions.  The  park  could 
serve  lor  many  scientific  pni'poses.  In  it  the  Department  of  Fisheries  and 
Game  could  carry  on  experiments  in  fish  and  game  culture.  After  a  few 
years  it  would  be  the  best  possible  place  for  a  Biological  Station.  It  would 
also  be  just  the  place  for  the  field  meetings  of  the  Academy  of  Science.  It 
is  not  necessary  at  this  time  to  go  into  details  concerning  its  character, 
management,  and  purposes,  but  only  to  suggest  a  few  of  these  things. 

Such  a  reserve  would  be  a  little  part  of  the  "Indiana  of  Nature"  pre- 
served for  the  pleasure  aud  profit  of  the  people  for  all  time  to  come.  If 
the  members  of  the  Academy  become  convinced  of  its  value  and  will  co- 
operate to  educate  public  opinion  toward  this  end,  a  State  Natural  Park 
can  be  secured  within  the  next  decade. 
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The  l)RAiNA(iK  Area  of  the  East  Fork  of  White  River. 


Ciiari.es  W.  Shannon. 


"Every  river  appears  to  consist  of  a  luaiu  trunk,  fed  from  a  variety 
of  branches,  each  running  in  a  valley  proportioned  to  its  size,  and  all  of 
them  together  forming  a  system  of  valleys,  communicating  with  one  an- 
other, and  having  such  a  nice  adjustment  to  their  declivities  that  none  of 
them  join  the  principal  valley  either  at  too  liigh  or  too  low  a  level,  a  cir- 
cumstance which  would  be  infinitely  improbable  if  each  of  these  valleys 
were  not  the  work  of  the  streams  flowing  through  them."* 

Streams  are  among  the  most  important  agencies  which  give  form  and 
expression  to  the  surface  of  the  land.  The  study  of  streams,  therefore, 
involves  to  a  great  extent  the  consideration  of  the  nature  and  origin  of 
many  topographic  forms — hills  and  mountains,  plains  and  valleys— and 
the  changes  they  pass  through. 

Every  person  is  familiar  with  the  manner  in  which  the  rainwater 
that  falls  is  gathered  into  rills,  rivulets  and  l)rooks,  which  unite  to  form 
larger  rivers.  Every  one  is  aware,  also,  that  streams  are  turbid  after 
heavy  rain.  Yet  comparatively  few  people  have  thought  of  the  woi'k  and 
change  upon  the  surface  of  the  land  which  is  done  by  even  the  smallest  of 
the  rills  and  all  along  the  course  of  the  river ;  nor  have  they  thought  that 
the  smallest  rill  down  the  hill  slope  or  along  the  I'oadside  is  adding  to  the 
work  of  the  large  streams,  or  adding  to  the  extent  of  the  drainage  area  of 
the  stream. 

The  drainage  area  of  a  stream  is  the  land  area  which  is  drained  by 
the  main  stream  and  all  its  tributaries — and  the  tributaries  of  the  tribu- 
taries. 

The  drainage  area  of  the  East  Fork  of  White  River  is  composed  of  the 
western  central  and  southern  part  of  Indiana,  including  the  greater  part 
of  twenty-five  of  the  ninety-two  counties  of  the  State,  and  a  total  of  about 
7,000  square  miles,  or  a  little  less  than  one-fifth  of  the  total  area  of  In- 
diana. This  area  is  mapped  out  in  full  on  the  accompanying  map,  with 
the  exception  of  a  few  counties  lying  to  the  north  of  the  area  shown. 


•Illustratlona  of  the  Huttionian  Theory  of  the  Earth;  by  John  Playfair. 
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The  geological  fouditious  of  the  country  greatly  influence  the  course 
and  action  of  streams.  The  heavy  curved  line  across  the  map  represents 
the  southern  limit  of  the  ice  sheet.  Thus  this  drainage  area  is  partly  in 
the  glaciated  and  partly  in  the  unglaciated  portion  of  the  State.  It  is  in 
the  unglaciated  region  that  we  have  the  most  picturesque  scenery.  The 
entire  area,  subjected  to  the  processes  of  weathering  and  stream  erosion 
for  millions  of  years,  was  maturely  dissected  into  a  complex  network  of 
valleys,  ridges  and  isolated  hills.  Over  this  surface  the  ice-sheet  passed 
several  times,  extending  as  far  as  the  boundary  shown.  Its  effect  was  to 
smooth  off  the  hills,  till  up  the  valleys  and  to  leave  the  surface  covered 
over  with  a  great  mass  of  loose,  foreign  material  from  the  northern  re- 
gions. Since  glacial  times  the  streams  have  to  some  extent  removed  the 
loose  material  from  some  of  the  old  valleys  and  are  forming  a  system  of 
new  drainage  in  the  surface  of  the  drift.  Geologically  speaking,  this  glacial 
accumulation  is  of  very  recent  origin  and  the  streams  seem  to  have  made 
only  a  small  beginning  in  the  work  they  will  be  able  to  perform. 

An  accurate  topographic  map  of  the  drainage  area  would  show  the 
contrast  in  the  physical  features  of  the  glaciated  and  unglaciated  portions 
better  than  any  other  description  or  illustration  that  could  be  given  to  a 
l^erson  who  had  hot  been  over  the  area  to  investigate  the  contrast.  In  the 
glaciated  area  the  contour  lines  would  run  in  large  regular  curves  aud 
far  apart,  showing  the  smoothness  and  regularity  of  the  surface.  South 
of  the  drift  limit  the  lines  would  be  very  close  together,  with  a  very  wind- 
ing course  and  sharp  curves,  showing  a  region  of  deep,  narrow  valleys,  ir- 
regular divides  and  abrupt  cliffs. 

In  attempting  to  work  out  the  geographic  history  of  an  area  whose 
drainage  has  been  arrested  by  the  invasion  of  an  ice-sheet,  we  find  that 
the  story  of  the  life  resolves  itself  into  four  funda*nental  parts.  Fii'st : 
What  are  the  topograithic  characteristics  of  the  area  during  the  pre- 
glaeial  history.  Second:  What  changes  took  place  during  the  glacial 
history.  Third :  What  has  happened  since  the  disappearance  of  the  ice- 
sheet  ;  its  post-glacial  history.  Fourth :  What  was  the  effect  produced 
Ity  the  above  events  on  the  luiglaeiated  parts  of  the  area. 

It  is  doubtful  if  the  entire  glacial  area  in  Indiana  was  covered  by 
the  ice-sheet  at  any  one  time.  At  its  extreme  limit  the  ice  deix>sited  but 
little  drift;  and  as  a  rule  there  is  not  a  well-defined  ridge  of  drift  along 
the  glacial  boundary,  though  some  drift  is  to  be  seen — as  in  Chestnut 
Ridge,  in  .Jackson  County,  and  a  similar  ridge  in  southern  Morgan  County. 
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Fniiii  the  cast  borilor  or  the  rivoi",  a  tVw  iiiiles  below  Columbus,  uortheast- 
wanl  to  Whitewater  valley,  in  southern  Fayette  County,  there  is  a  well- 
iletined  ridding  of  drift  standing  twenty  to  forty  feet  above  the  border 
traets.  Upon  crossing  Whitewater,  the  border  leads  southeastward  and  is 
not  so  well  deriued  as  west  of  the  riVer,  though  there  is  usually  a  ridge 
about  twenty  feet  high. 

From  the  north  line  of  Jackson  County,  following  the  boundary  around 
to  the  west  and  south,  it  is  in  many  places  hard  to  trace  as  a  well-defined 
line.  The  ice-sheet  must  have  been  very  thin,  since  the  topography  shows 
little,  if  any,  modification.  In  many  places,  however,  heavy  beds  of  gravel 
and  till  lie  against  the  hill  slopes  to  the  north  and  east.  Many  large 
granite  bowlders  are  also  piled  up  along  the  hillsides  and  scattered  along 
the  streams.  In  this  area  in  the  counties  of  Hendricks,  Rush,  Johnson, 
Shelb.y,  Henry,  Decatur  and  Kandoli)h.  there  is  a  form  of  moraine  known 
as  "bowlder  belts,"  long,  narrow,  curving  strips  of  country,  thickly  cov- 
ered with  large  bowlders.  Low,  winding  ridges  of  sand  and  gravel  parallel 
to  the  ice  movement  mark  the  course  of  a  sub-glacial  drainage  through 
Madison,  Hancock,  Shelby  and  Bartholomew  counties.  The  longest  glacial 
drainage  channel  in  the  State  extends  from  Grant  County  to  White  River, 
in  Bartholomew,  but  it  is  not  now  occupied  by  any  one  continuous  stream. 
Most  of  the  streams  in  the  glacial  area  are  known  as  sand  and  gi'avel 
streams  and  afford  great  quantities  of  sand  of  economic  importance  and 
an  abundance  of  gravel  suitable  for  road  material  and  ballast.  In  several 
of  the  counties  are  overwash  aprons  in  which  the  sand  and  gravel  are 
spread  out  over  broad  areas. 

The  thickness  of  the  drift  over  the  State  varies  greatl.y,  the  greatest 
thickness  in  the  State  being  about  500  feet.  While  in  this  area  the  drift 
would  be  from  50  to  TOO  feet,  there  is  on  the  higher  points  but  a  thin  coat- 
ing, but  the  filled  valleys  make  a  higher  average.  It  is  the  glaciated  part 
of  the  area  that  is  of  importance  from  an  agricultural  standpoint.  The 
glacial  drift  is  a  very  productive  and  permanent  soil,  and  can  not  be  sur- 
jKissed  in  the  production  of  the  cereals,  while  the  bluffs,  knobs  and  hills 
of  the  driftless  area  are  proving  to  be  favorable  for  the  growing  of  fruits. 

The  rocks  of  the  State  are  all  sedimentary,  and  in  the  area  here  dis- 
cussed were  laid  down  upon  the  bed  of  a  shallow  sea  receding  to  the  south- 
west. Thus  the  strata  dip  gently  to  the  southwest,  at  the  rate  of  about  20 
to  40  feet  to  the  mile. 

In  the  State  there  are  six  different  geological  periods  represented — the 
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Pleistocene  (no  rock 'outcrop),  the  Coal  Measures,  the.  lower  Carboniferous 
or  Mississippian,  .tlie- Devonian,  the  Silurian,  and  :theOrdivician  or  lower 
Silurian/  All  of '  these  are  found  in  the  territory;  of  this  drainage  area; 
and  of  "the  twenty -five 'or  more  formations  as  subdivisions  of  the  above- 
named  periods  "there  are  at  least  eighteen  of  these  found  as  surface  out- 
crops in  this  area.  These  formations  may  be  listed  as  follows:  Merom 
Sandstone:— A  massive  'coavae-grained  sandstone  lying  unconformably  on 
the  coal  measures.  It  furnishes  glass-sand  and  some  building  stone. 
Mansfield  Sandstone,  the  basal  member  of  the  coal  measures,  is  a  medium 
to  coarse-grained  stone.  It  is  quarried  for  building  purposes  and  for  whet- 
stones and  grindstones.  Coal.— This  area  is  just  in  the  edge  of  the  Indiana 
coal  field.  The  coal  is,  therefore,  very  thin-bedded  and  is  mined  only  by 
drifting.  Shales. — The  shales  of  the  coal  measures  are  in  many  places 
from  25  to  40  feet  in  thickness,  and  are  of  value  in  the  manufacture  of 
cement,  paving  brick  and  sewer  tile.  Associated  with  these  shales  in 
Martin,  Greene,  Lawrence  and  Orange  counties  are  considerable  deposits 
or  iron  ore ;  there  are  also  beds  of  fireclay  underlying  the  coal.  Huron. — 
This  consists  of  a  series  of  thin  bedded  limestones  separated '  from  each 
other  by  shales  and  sandstones.  MitcheU  Limestone  consists  of  massive 
compact  layers  of  dark  blue  and  gray  limestone  with  interbedded  impure 
fossiliferous  limestone,  shales  and  chert.  Salem  Oolitic  Limestone. — The 
massive  fine-grained  stone  so  well  known  as  a  building  and  ornamental 
stone.  Harrodsburg  Limestone. — A  very  fossiliferous  limestone,  and  also 
contains  great  numbers  of  geodes  and  chert  in  the  lower  members.  Knob- 
stone. — A  series  of  shales  and  sandstones  reaching  a  thickness  of  more 
than  500  feet.  This  formation  has  its  western  outcrop  in  the  eastern  half 
of  Monroe  and  Lawrence  and  extends  to  the  east  as  the  surface  stone  for 
many  miles.  To  the  present  time  biit  little  use  has  been  made  of  this 
group,  but  it  is  growing  to  be  of  economic  importance.  New  Albany  Shale. 
— A  persistent  underlying  brown  to  black  shale  at  the  top  of  the  Devonian 
System.  It  is  rich  in  bitumen  and  when  kindled  will  burn.  The  lamin- 
ated structure  and  joints  are  shown  in  the  illustration.  Hamilton  Group. — 
The  Sellersburg  and  Silver  Creek  limestones.  The  former  is  a  white  to 
gray  limestone,  rather  thin  bedded  but  persistent,  stretching  from  the  Falls 
of  the  Ohio,  north  through  Clark,  Scott,  Jefferson,  .Jennings  and  Decatur 
counties.  The  Silver  Creek  lies  beneath  the  Sellersburg.  It  ranges  in 
thickness  from  15  to  IG  feet  in  the  Silver  Creek  region  to  5  or  G  feet  In  the 
vicinity  of  Lexington,  in  Scott  County,  and  disappears  altogether  us  a  per- 
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sistent  formation  ■  in  the  northern  part  of  the  same  county.  Niagara 
Group. — The  meiflber'of  the  group  louml  in  this  region,  is  a  soft,  massive, 
buff,  sub  crystalline  toa  bluish-groou,  shaly,  limestone,  with  a  character- 
istic bed  of  bluish-green  shale  several  feet  thick  at  the  base  of  the  forma- 
ti(m.  Pleistocene— The  area  deeply  covered  with  glacial  drift  and  having 
no  rock  outcrop.  ■ 

Triassic  to  Tertiary,  Inclusive. — "The  only  deposits  of  these  ages 
known  (with  the  possible  exception  of  the  Merom  Sandstone)  are  some 
gravels  found  on  certain  high  ridges  in  Martin  and  Perry  counties,  and 
possibly  elsewhere.  These  are  outside  the  drift  area,  and  above  any  known 
stream  deposits  of  gravel.  Taken  in  connection  with  the  uniformity  of 
elevation  reached  by  the  highest  hills,  in  the  Mansfield  sandstone  area, 
the  Knobstone  area  and  the  Silurian  area  in  the  southern  part  of  the 
State,  it  has  been  suggested  by  Mr.  Frank  Leverett  of  the  United  States 
Geological  Survey,  that  at  least  southern  Indiana  was  reduced  to  base 
level  in  Tertiary  times.  In  that  case  the  present  and  pre-glacial  topog- 
raphy of  Indiana  would  date  from  some  time  in  the  Tertiary.  This  Ter- 
tiary erosion  might  also  accoiuit  for  the  absence  of  cretaceous  deposits,  if 
any  such  were  ever  laid  down  in  the  State.  Until  more  study  shall  have 
been  given  tiiese  gravels  and  their  interpretation,  the  matter  of  this  para- 
graph must  be  considered  more  as  a  suggestion  than  as  a  demonstrated 
fact."*     (See  Report  State  Geologist  1872,  p.  138;  1897,  p.  22.) 

The  highest  point  in  the  State  is  in  the  southern  part  of  Randolph 
County,  which  at  the  highest  level  is  about  1,285  feet  above  sea  level.  It 
is  on  this  height  of  land  that  both  the  East  and  West  forks  of  White  River 
have  their  source.  The  C,  C,  C.  &  St.  L.  R.  R.  (Peoria  Div.)  passes  along 
this?  divide  between  the  head  waters  of  these  streams.  The  West  Fork 
increases  in  volume  and  velocity  more  rapidly  than  the  East  Fork,  which 
reaches  its  destination  by  a  very  winding  course.  Its  length  is  greatly  in- 
creased and  its  slope  decreased  by  its  numerous  meanders,  but  it  is  still  a 
moderately  swift  stream.  After  reaching  the  unglaciated  area  the  direc- 
tion of  the  stream  is  greatly  influenced  by  the  joint  planes  in  the  geological 
formations.  The  main  streams  of  these  forks  grow  farther  apart  until 
they  reach  Shelby  and  Marion  counties,  where  they  approach  each  other. 


Note.— For  description,  composition,  structure,  extent,  uses,  etc.,  of  the  various  for- 
mations named  above,  see  Thompson,  17th  Ann.  Rep.,  pp.  30-40;  Hopkins,  20th  Ann.  Rep., 
1895,  pp.  188-323;  Kindle,  29th  Ann.  Rep.,  pp.  329-368;  Hopkins  and  Siebenthal  21st  Ann. 
Rep.,  1896,  pp.  291-427;  Blatchley  22d  Ann.  Rep.,  1897,  pp.  1-23;  Ashley  23d  Ann.  Rep.,  1898; 
Siebenthal  25th  Ann.  Rept.,  1900,  pp.  330-39';  30th  Ann.  Rep.,  1905;  E.  R.  Cumings,  in  Pro. 
Ind.  Academy  of  Science,  1905,  pp.  85-100. 
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then  again  turn  from  one  another  until,  in  the  western  part  of  Lawrence 
and  Martin  counties,  they  come  nearer  and  at  the  southwestern  corner  of 
Daviess  County  are  united  in  one  sti'eam  at  an  elevation  of  about  425  feet. 
Both  forks  are  fed  by  niunerous  tributaries,  which  produce  an  intricate 
drainage  system.  In  many  places  the  heads  of  these  tributaries  approach 
each  other  very  closely  and  have  in  some  cases  resorted  to  piracy.  It  is  ob- 
vious from  the  varying  character  of  the  valleys  and  the  terraces  which  bor- 
der them,  that  both  forks  suffered  many  disturbances  during  the  glacial 
period.  As  lias  been  stated,  we  kiu)\\'  that  valle.ys  have  been  excavated  by  the 
streams  flowing  through  them,  and  it  is  also  true  that  the  terraces  beauti- 
fying their  sides  are  in  most  cases  due  to  the  same  agencies — that  is,  ter- 
races owe  their  origin  to  the  processes  of  corrosion,  or  of  deposition,  or  to 
both.  Many  of  the  terraces  are  due  principally  to  the  re-excavation  of  pfe- 
glacial  valleys.  In  much  of  the  uuglaciated  area  there  are  marks  of  sev- 
eral well-defined  drainage  levels.  The  region  ranges  in  elevation  from  150 
to  300  feet ;  the  streams  cut  down  rapidly  from  the  upland,  then  run  off 
with  a  slight  gradient  through  deep  valleys  with  rather  flat  and  compara- 
tively wide  bottoms  and  very  steep  sides,  with  stepped  and  sloping  terraces 
with  gracefully  bending  curves  which  add  much  to  the  attractiveness  of  the 
valleys.  The  upper  terraces  are  formed  by  the  streams  cutting  down  through 
the  formations  of  the  original  table-lands.  The  lower  terraces  are  com- 
posed of  mixed  materials  of  the  higher  levels.  The  best  examples  of  these 
terraces  are  in  the  Salt  Creek  and  (^lear  Creek  valleys,  and  in  the  prin- 
cipal valley  of  the  main  East  Fork  and  its  adjacent  side  valleys.  Some 
of  these  terraces  are  shown  in  the  illustrations. 

This  entire  drainage  area  affords  much  for  Interesting  study  and  ex- 
ploration, but,  as  stated  above,  it  is  in  the  uuglaciated  portion  that  is 
found  the  most  picturesque  scenery.  The  diversified  physical  features  pro- 
duced by  the  processes  of  erosion  and  the  weathering  of  the  various  geo- 
logical formations  give  a  region  of  rugged  and  beautiful  scenery.  Some 
of  the  characteristic  and  marked  scenic  points  are  described  below. 

"Weed  Patch  Hill,"  in  Brown  County,  is  a  high  ridge  in  the  Knob- 
stone,  forming  the  divide  between  two  of  the  main  branches  of  Salt  Creek. 
At  its  highest  point  it  is  a  little  more  than  1,000  feet  in  elevation.  One  of 
the  illustrations  gives  a  view  looking  northwest  from  this  elevation  and 
gives  an  idea  of  the  Knob  topography.  "Guinea  Hills"  is  a  ridge  rising  to 
a  considerable  elevation,  extending  in  a  northeast  and  southwest  direction 
through  the  southwest  part  of  Scott  and  the  northwest  part  of  Clark  coun- 
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ties.  Those  hills  form  llic  divide  l)ehveoii  tlie  trilmliiries  of  the  Muscatu- 
tiu'k,  cue  of  the  chief  branches  of  the  East  Forlc,  and  tlie  headwaters  of 
Silver  Creek,  which  flows  south  into  the  Ohio.  It  is  interesting  here  to 
note  that  \Aafer  fallin,u;  on  tlie  hi,;;li  l)lufls  of  the  Ohio  near  Hanover, 
and  to  the  north  within  one  mile  of  the  river,  does  not  there  flow  into  the 
Ohio,  Imt  flnds  its  way  into  the  Mnscatatnck  and  the  East  Foi"k,  and  after 
covering  a  distance  of  more  than  o()<>  miles  flows  into  the  Ohio  at  the  south- 
western corner  of  Indiana.  The  "Haystacks"  are  conical  shaped  hills 
whicli,  seen  from  a  distance,  linve  the  appearance  of  haystacks;  these  are 
plentiful  in  the  central  part  of  Lawrence  County.  "Rock  Houses"  are 
large  openings  between  and  under  large  rock  masses  due  to  undercutting 
and  the  breaking  off  and  tilting  of  the  rocks.  "Honeycombs"  are  rock  sur- 
faces in  which  the  softer  parts  luive  been  weathered  out,  giving  a  porous, 
honeycombed  appearance.  These  are  found  in  the  region  of  the  Oolitic 
Limestone  and  the  Mansfield  Sandstone.  One  of  the  most  intei'esting  spots 
to  visit  is  the  "I'innacle,"  near  the  town  of  Shoals,  the  county  seat  of  Mar- 
tin Comity.  Here  a  higli  ridge  of  Mansfield  Sandstone,  one  hundred  ninety- 
six  feet  above  the  level  of  the  stream,  terminates  abruptly  within  a  few 
yards  of  White  River.  Large  masses  of  rock  that  have  broken  off,  lie 
around  the  foot  of  the  ridge  in  every  position.  From  this  point  one  ob- 
tains a  good  view  of  the  character  of  the  topography  of  this  region.  To 
the  northwest  of  this  ridge  the  formations  have  been  cut  through  by  dis- 
inti'grating  forces,  and  there  has  been  left  standing  at  some  distance  from 
the  head  of  tlie  lavine  a  tall  mass  of  sandstone,  which  has  received  the 
name  of  ".Jug  Rock,"  from  the  fancied  resemblance  to  an  old-fashioned  jug. 
On  the  upper  side  it  is  forty-five  feet  high  and  on  the  down-hill  side,  seventy 
feet  high ;  it  is  capped  with  a  flat  projected  layer  of  harder  sandstone.  At 
tlie  south  of  the  deep-wooded  ravine  is  the  "Glen,"  an  under-cut  sandstone 
cliff  with  an  intermittent  cascade.  Across  a  valley  to  the  north  is  "House 
Rock,"  a  large  sandstone  cave,  the  entrance  to  which  is  about  thirty-five 
feet  high,  and  the  main  room,  with  an  opening  in  the  top,  is  very  much 
higher.  It  is  formed  principally  by  the  tilting  of  large  rock  masses.  The 
sandstone  iu  front  of  the  cave  is  weathered  into  an  elaborate  fretwork. 
Other  points  of  interest  as  one  goes  down  along  the  river  are  the  "Acoustic 
Rock,"  "Buzzard's  Roost,"  "Hanging  Rock,"  "Kitchen-middings,"  "Shell- 
]>ank,"  and  the  "Hindostan  Falls," 

In  Washington.   Lawrence,   Orange  and   Monroe   counties  the   subter- 
ranean drainage  has  an  important  place.     The  ground  water  working  along 
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the  point  planes  and  on  the  more  sohxble  parts  of  the  limestones  has  pro- 
duced a  great  variety  of  sink-holes,  caves  and  "lost  rivers."  The  sink- 
holes are  basin  shaped  depressions  many  feet  deep,  and  often  hundreds  of 
feet  in  diameter,  witii  an  opening  at  the  bottom  which  leads  into  some  un- 
derground channel ;  in  some  cases  the  openings  have  become  filled  and  the 
water  is  held  in  the  basin.  In  many  places  a  stream  runs  into  these  lioles, 
then  by  underground  passages  for  a  great  distance,  and  again  comes  to  the 
surface  in  the  form  of  springs.  Valleys,  sometimes  two  to  four  miles  in 
length,  are  drained  through  imderground  channels.  This  gives  rise  to  a 
confusing  system  of  hills  and  valleys,  though  a  well-defined  drainage  may 
be  worked  out  which  in  itself  is  usually  made  up  of  sink-holes.  There  are 
many  pure  water  springs  in  this  region  and  also  many  springs  of  mineral 
watei's.  The  best  knoN^n  of  these  are  the  French  Lick  and  West  Baden 
Springs,  Trinity  and  Indian  Springs.  Lost  River,  a  main  branch  of  the 
East  Fork,  through  Orange  and  Martin  counties,  has  many  "lost"  tribu- 
taries in  Orange  County.  The  luunerous  caves  and  the  mineral  springs 
are  described  in  the  State  Geologist's  Reports  for  the  years  1896  and 
1901-02. 

The  greater  or  less  degree  of  uniformity  in  the  volume  of  the  river  in 
the  course  of  a  year  is  one  of  its  chief  physical  features  and  depends  very 
much  on  the  manner  in  which  the  water  supply  is  obtained.  The  streams 
of  this  area  depend  for  their  increase  wholly  upon  the  rains,  which,  oc- 
curring frequently  and  at  no  fixed  periods,  and  discharging  only  compara- 
tively small  amounts  of  water  at  a  time,  except  in  periods  of  the  heavy 
rainfall  of  several  days'  duration,  preserve  a  modei'ate  degree  of  uni- 
formity in  the  volume  of  the  streams.  This  uniformity  is  aided  by  the 
fact  that  under  normal  conditions  only  about  one-third  of  the  rainfall  finds 
its  way  directly  over  the  surface  to  the  streams,  the  remaining  two-thirds 
sinking  into  the  ground  and  finding  its  way  to  springs,  reservoirs,  or  gradu- 
ally oozing  thi'ough  at  a  lower  level  until  the  soil  becomes  drained  of  its 
surplus  moisture,  a  process  which  continues  for  weeks  and  helps  to  keep 
up  the  volume  of  the  stream.  But,  on  the  other  hand,  man  has  done  a  great 
deal  to  destroy  the  uniformity  of  the  volume.  By  the  removal  of  the 
forests,  the  cultivation  of  the  soil,  and  the  use  of  ditches  for  drainage,  a 
greater  part  of  the  water  is  at  once  thrown  into  the  stream  and  greater 
fluctuations  occur.  Owing  to  the  streams  being  hemmed  in  by  lofty,  ab- 
rupt cliffs,  which  resist  the  free  passage  of  the  swollen  streams,  and  the 
velocity  being  checked  by  winding  courses,  greater  floods  occur  from  the 
same  amount  of  rainfall  than  formerly. 


View  uppei'  half  of  the  Pinnacle,  Shoals,  Ind.     Distance  from  top  to  water 
level  196  feet. 


Hanging:  Rock,  an  undercut  sandstone  cliff,  southwest  Lacy,  Martin 
County, 
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Showing'  laminated  structure  and  joints  in  tlie  New  Alltany  Jilack  .Sliale. 
Scott  County. 


Rectangular  Jilocking  iu  the  Huron  Limestone,    (ireene  County. 
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Jus  Rock,  a  column  of  sandstone  capped  wait  n  hmih-v  layer  of  sandstone. 
(See  description.) 


House  Rock,  a  cave  formed  by  the  tilting:  of  large  blocks  of  sandstone,  north  of 
Shoals,  Martin  County. 
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View  in  Salt  Creek  Valley,  showing  high  terraces  in  background,  southeast 
8tobo,  Monroe  Coiinty. 


Recent  terraces  in  Salt  Creek  Valley  southeast  of  Stobo,  Monroe  County. 
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Salt  Creek  Valley  near  Harrodsburg.  Monroe  County. 


White  River  Valley,  looking  north  from  the  Pinnacle.  Shoals,  Ind. 
5— A.  OF  Science.  (65) 


Gullies  in  the  clay  and  shale  of  the  Knobstone,  eastei-n  Monroe  County. 


Kecejit  srullics  111  clay  and  shale,  eastern  Monroe  County. 
(66) 


Showing  east  side  of  City  Waterworks  Reservoir,  Bloominston.  The 
water  is  supplied  by  springs  from  the  underground  drainage  of  sink- 
hole region  in  Mitchell  limestone. 
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Boating  along  Public  Highways  during  Spring  Flood,  1906,  in  River 
Valley  near  Shoals. 
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Undercut  Sandstone  Cliff  with  overhanging  Icicles,  southern  Martin  County. 
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The  Glen,  an  undercut  sandstone  cliff  with  an  intermittent  cascade,  Shoals,  Mar- 
tin County. 
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View  looking  northeast  from  \\  >  i  (ipntch  Hill,  showing  Knobstone 
topography. 


Many  gravelly  and  rock  bottom  streams  are  used  as  public  roads.    This 
view  in  southern  Martin  County. 
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Silurian  exposure  on  the  Muscatatuck  directly  south  of  Vernon. 


View  on  Clear  Creek  aloiiir  Munoii  Railroad  between  Bloomington  and  Hiirrddshurg. 
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Steps  in  the  Development  op  a  Smokeless  (Jity. 


w.  F.  M.  Goss. 


1.  'J'he  Presence  of  Smoke  in  those  cities  of  our  country  whicli  are 
within  easy  reach  of  its  soft  coal  mines  is  becoming  more  serious  every 
year.  Peoj)le  are  beginning  to  understand  that  tliis  smoke  which,  in  earlier 
days,  was  welcomed  as  evidence  of  a  city's  growth,  and  of  its  industrial 
prosperity,  is,  in  fact,  a  source  of  heavy  expense  to  all  of  its  citizens.  The 
annual  smoke  l)ill  of  such  a  city  as  Indianapolis  is,  in  fact,  enormous ! 
This  arises,  not  from  the  loss  of  fuel  or  heat  in  the  form  of  smoke,  for 
that  is  so  small  as  to  be  almost  negligible,  but  in  the  damage  which  is 
wrought  by  its  presence,  upon  the  architectural  embellishment  of  the  city. 
upon  the  fixtures  and  furnishings  of  its  homes,  and  upon  the  apparel  of  its 
citizens.  Loss  also  occurs  through  the  extensive  use  of  artificial  light 
which  the  presence  of  smoke  enforces,  and  because  of  its  effect  upon  the 
welfare  of  those  from  whom  it  shuts  out  the  sunlight  and  takes  away  the 
purity  of  the  atmosphere. 

Thus  far  urban  connnunities  ha\-e  sought  to  protect  themselves  through 
prohibitive  legislation,  with  the  result  that  while  flagrant  abuses  have 
sometimes  been  abated,  the  atmosphere  of  the  city  as  a  whole  has  not  ma- 
terially improved.  It  is  doubtful  if  such  legislation,  unsupported  by  cor- 
rective measures  which  are  broadly  co-operative,  can  ever  be  made  an  ef- 
fective instrument  in  the  abolition  of  smoke.  The  problem  is  one  of  many 
complications  and  its  solution  can  only  be  reached  through  action  based 
upon  a  full  understanding  of  difficulties  to  be  overcome. 

2.  The  Sources  of  Smoke  in  cities  may  be  separated  into  five  different 
groups,  each  of  which  will  require  different  treatment.  They  are  as  fol- 
lows : 

1.  Large   furnace   fires   such   as   are   employed   in   metallurgical 

processes. 

2.  Large  boiler  plants,  by  which  is  meant  all  plants  in  excess  of 

r)OU  horse-power. 

3.  Small  boiler  plants  and  small  industrial  fires. 

4.  Domestic  fires. 
•5.  .  Locomotive  fires. 
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Accepting  this  classification  as  a  convenient  one  for  tlie  purpose  in 
hand,  we  may  inquire  as  to  the  process  hy  which  the  smoke  now  being 
delivered  by  each  of  the  several  groups  is  to  be  eliminated. 

3.  Large  Fires  Such  as  Are  Employed  in  Metallurgical  Processes. 
Except  in  a  few  cities,  of  which  Pittsburg  is  the  best  type,  the  proportion 
of  the  total  smoke  delivered  from  such  fires  is  small.  In  the  city  of  Indi- 
anapolis, for  example,  it  is  exceedingly  small.  ^Moreover,  the  managements 
of  industries  using  such  lires  are,  in  many  cases,  finding  increased  efficiency 
in  operation  by  the  installation  of  gas  producers  which  receive  the  coal  and 
deliver  highly  heated  gas  for  use  in  the  furnaces.  The  gas  producer  makes 
smokeless  the  process  of  converting  coal  into  heat.  As  its  use  under  a  wide 
range  of  conditions  will  result  in  economy  in  operation,  no  injury  would 
be  done  by  the  prohibition  of  smoke  from  all  fires  which  might  properly 
be  served  by  producer  gas.  provided  a  reasonable  period  is  allowed  be- 
tween the  passage  of  the  prohibitive  ordinance  and  its  going  into  effect. 
Fires  of  this  group  which  can  not  be  thus  treated  in  such  cities  as  In- 
dianapolis will  be  so  few  that  their  effect  will  be  negligible. 

4.  Large  Boiler  Plants.  The  suppression  of  smoke  from  fires  of  this 
class  by  the  adoption  of  a  suitable  automatic  stoker,  will  effect  aw  economy 
in  operation,  hence  owners  will  not  seriously  object  if  they  are  required, 
after  suitable  notice,  to  so  eciuip  their  plants.  An  ordinance  requiring  all 
boiler  plants  of  more  than  oOO  horse-power  to  be  thus  equipped  within  three 
years  of  the  date  of  its  i>assage  would  not  be  imreasonable. 

5.  l:^mall  Boiler  Plants  and  Small  Industrial  Fires.  Referring  first 
to  boiler  plants,  it  should  be  noted  that  the  fires  of  this  group  are  or- 
dinarily prolific  sources  of  smoke.  Boilers  of  100  horse-power  or  less  are 
all  over  the  modei'u  city.  Generally  speaking,  no  economy  can  result  from 
the  application  of  automatic  stokers  to  these  small  boiler  plants  and  hence 
owners  can  not  be  infiuenced  to  add  to  their  fixed  charges  in  the  expecta- 
tion of  securing  a  money  return.  The  requirement  that  such  furnaces  em- 
ploy anthracite  coal,  coke,  or  other  smokeless  fuel,  would  in  all  cases  work 
serious  hardship  and  in  many  cases  it  would  be  prohibitive.  The  wisest 
and  most  effective  course  to  follow  with  reference  to  such  fires  is  to  pro- 
vide a  satisfactory  substitute,  then  abolisli  them.  So  far  as  such  plants  are 
now  employed  in  the  production  of  power,  they  can  he  rendered  unneces- 
sary through  the  cheaper  and  more  effective  distribution  of  electrical 
power.  So  far  as  steam  from  such  boilers  may  at  present  be  used  for  heat- 
ing they  can  be  rendered  of  no  effect  through  the  supply  of  heat  from  a 
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central  station.  Tliorc  are,  however,  in  every  larjie  city  many  minor  in- 
dustrial estaiilislunciits,  such  as  d\  e  works,  bleadieries  and  laundries,  re- 
quiring? steam  at  high  pressure,  and  lor  these  a  general  system  of  supply 
from  a  central  plant  must  be  ])rovided.  That  this  may  be  the  more  readily 
accomplished,  such  industries  sliould  be  encouraged  to  gnmp  tliemselves 
within  a  proscribed  area  to  better  accommodate  themselves  to  some  reason- 
able plan  of  steam  distribution.  To  properly  supplant  the  fires  of  numer- 
ous small  boilers  now-  in  service,  it  «ill  be  required,  therefore,  that  stations 
be  established  throughout  the  business  portion  of  the  city,  capable  of  de- 
livering electric  current  for  power  and  lights,  steam  or  hot  water  for 
heating,  and  a  limited  amount  of  high  pressure  steam  for  iudustrial  uses; 
these  central  plants  to  be  of  sufficient  size  to  justify  the  use  of  stokers 
which  will  make  them  smokeless.  When  by  municipal  co-operation  these 
shall  Inne  been  pro\ided.  under  conditions  which  will  safeguard  the  inter- 
ests of  all  consumers  with  reference  to  costs,  then  it  will  be  in  order  to 
prohibit,  after  a  series  of  years,  the  use  of  soft  coal  under  all  boilers  of  the 
city,  except  in  connection  with  automatic  stokers. 

Small  industrial  fires  other  than  those  under  boilers  should  be  sus- 
tained by  gas  drawn  from  sources  hereinafter  referred  to. 

6.  Doincsttc  Fires.  While  individual  domestic  fires  are  not  the 
sourcii  of  heavy  volumes  of  smoke,  their  number  in  any  city  is  large,  and 
their  effect  in  the  aggregate  as  a  source  of  smoke  is  as  pronounced  as  that 
of  any  other  single  group  of  fires.  So  long  as  soft  coal  can  be  had  more 
cheaply  than  anthracite  coal,  just  so  long  will  there  be  a  desire  on  the 
part  of  the  consumers  to  employ  it  in  domestic  service.  Domestic  fires 
being  small,  it  is  impracticable  to  apply  to  them  effectively  the  principles 
of  smokeless  firing.  A  necessary  step,  therefore,  in  the  development  of  a 
smokeless  city  is  a  complete  prohibition  of  the  use  of  soft  coal  for  domestic 
purposes.  As  a  preliminary,  step,  two  things  are  essential.  First,  a  sup- 
ply of  low-priced  gas  for  use  in  cooking;  and  second,  the  distribution  from 
a  central  station  of  large  cajiacity  of  steam  or  hot  w:'.ter  for  domestic  heat- 
ing. 

I'here  are  no  real  problems  in  the  supply  of  gas  for  cooking  except 
euch  as  may  grow  out  of  existing  franchises.  At  prices  now  prevailing, 
this  form  of  fuel  is  much  used  in  cooking  and  generally  is  less  expensive 
for  that  purpose  than  solid  fuels.  Add  to  this  the  fact  that  the  cost  of 
gas  to  the  producer  is  reduced  as  the  quantity  sold  is  increased,  and  an 
abundant  supply  at  a  cost  sufficiently  low  to  permit  all  people  in  a  city  to 
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use  it  for  cooking,  becomes  laot  only  possible,  but  attractive  as  a  means  of 
economy. 

The  establishment  of  centralized  heating  plants  of  sufficient  size  to 
justify  the  maintenance  of  smokeless  fires  therein,  and  in  such  number  as 
to  serve  an  entire  city,  constitutes  a  problem  presenting  no  serious  en- 
gineering difficulties.  Such  a  system  would  need  to  be  developed  under 
sufficient  municipal  control  to  insure  satisfactory  service  to  all  portions 
of  the  city  and  to  guarantee  to  the  consumers  of  heat  a  cost  not  greater 
than  Is  required  to  insure  a  fair  return  upon  the  investment  made.  Enough 
has  already  been  accomplished  in  heating  from  central  stations  to  insure 
the  practicability  of  such  a  scheme.  While  the  loss  of  heat  in  transmis- 
sion is  necessarily  large,  this  loss  is  more  tlian  neutralized  by  the  use  of- 
low  grade  coal  in  the  central  station,  in  the  place  of  high  grade  fuel  now 
employed  in  domestic  heating,  so  that,  basing  an  estimate  on  the  heat  de- 
livered, the  cost  should  not  be  greater  than  under  present  conditions  of 
domestic  heating.  Attention  should  be  called  to  the  fact,  however,  that 
such  a  system  would  be  easily  practicable  even  at  some  advance  in  cost. 
for  freedom  from  smoke  and  tlie  convenience  of  a  supply  of  heat  from  out- 
side sources  are  matters  for  which  people  will  be  willing  to  pay. 

7.  Locomotive  Fires.  These,  in  railroad  centers  such  as  Indianapolis, 
are  prolific  sources  of  smoke.  .Aloreover,  if  soft  coal  is  permitted  to  be 
used  in  fire-boxes  the  delivery  of  smoke  from  locomotive  stacks  can  not  be 
prevented.  As  a  consequence,  prohibitive  legislation  in  various  American 
cities  has  thus  far  had  but  little  eft'ect  in  reducing  the  amount  of  smoke 
delivered  from  locomotive  fires.  It  is  not  the  fault  of  the  railway  man- 
agement ;  it  is  due  to  the  difficulties  which  are  inherent  in  the  case.  There 
are,  in  fact,  but  two  ways  out  of  the  difficulty,  and  the  acceptance  of  either 
solution  will  involve  railway  companies  in  heavy  expenditures  and  will 
entitle  them  to  concessions  or  direct  aid  from  municipalities.  The  first  and 
simplest  is  to  be  found  in  the  requirement  of  all  steam  locomotives  oper- 
ating within  the  smoke  limits  of  a  city,  to  be  supplied  with  smokeless  fuel, 
that  is,  with  anthracite  coal  or  with  colie ;  the  second  solution  is  to  be 
found  in  the  prohil)ition  of  tlie  use  of  steam  locomotives  and  in  the  sub- 
stitution of  electric  locomotives  within  the  smoke  limits  of  tlie  city. 

'J  he  development  of  either  of  these  plans  will  involve  the  establishment 
of  locomotive  terminals  upon  every  road  outside  of  the  smoke  limits  of  the 
city,  iiy  tlie  use  of  such  terminals  the  road  locomotive  of  an  approach- 
ing train  can  be  stopped  before  reaching  the  city,   its  place   being  taken 
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either  by  a  steam  locomotive  using  colie  or  autliracite  coal  for  its  fuel,  or 
by  au  electric  locomotive  which  will  serve  to  carry  the  train  on  to  the  city, 
and  afterward  out  of  the  station  and  across  the  city  to  another  termina] 
where  it  will  stop,  its  place  at  the  head  of  the  train  being  taken  by  another 
road  locomotive  having  its  usual  supply  of  soft  coal.  Such  a  plan  has 
\)een  put  into  effect  in  New  York  City,  and  has  been  settled  upon  for  Wash- 
ington, D.  C,  \\here  the  conmiissioners  of  the  District  of  Columbia,  on  No- 
vember 17th,  took  tinai  action  on  an  order  to  prohibit  the  use  of  any  ex- 
cept electric  locomotives  iu  drawing  trr.ins  into  the  new  Union  Station. 
Excepting  in  very  large  cities,  however,  the  cost  of  electric  transmission 
will  be  prohibitive.  It  will  be  far  cheaper  for  railway  companies,  and 
quite  as  satisfactory  to  the  urban  communities,  to  admit  steam  locomotives, 
provided  they  are  supplied  with  a  fuel  which  prevents  smoke. 

It  is  evident  that  procedure  under  this  outline  with  reference  to  loco- 
motive fires  must  necessarily  iuA'olve  plaus  extending  through  a  series  of 
years.  An  equitable  scheme  of  co-operation  between  the  railroads  and 
the  city  must  be  devised,  plans  must  be  made  and  adopted,  and  time  must 
be  given  for  financing  and  executing  them. 

In  the  working  out  of  the  general  plan  described  by  this  brief  outline 
for  the  elimination  of  smoke,  many  difliculties  are  to  be  met  and  antag- 
onistic interests  to  be  harmonized,  but  there  is  nothing  which,  from  an  en- 
gineering point  of  vie^^^  is  impracticable,  or  which  can  not,  as  a  business 
matter,  be  reduced  to  a  satisfactory  procedure.  A  city,  to  be  made  smoke- 
less by  the  measures  suggested,  would  first  seek  to  fix  limits  defining  the 
area  to  be  controlled.  Within  this  area  would  be  developed  a  series  of 
power  and  heating  plants  which  would  be  spaced  upon  a  system  of  squares 
in  the  business  portions,  at  intervals  of  a  mile  or  a  mile  and  a  half,  and  iu 
the  residence  portion  at  intervals  of  two  miles.  From  these  several  stations 
would  go  out  currents  of  electricity  for  all  power  and  light  needed  by  the 
city.  From  certain  of  them  steam  at  high  pressure  for  industrial  purposes 
would  be  distributed  over  the  limited  areas  and  from  all  of  them  would  go 
out  steam  or  hot  water  for  heating.  By  a  suitable  grouping  of  equipment 
within  these  stations,  those  in  the  residence  portions  would  be  made  to 
serve  as  heating  plants  alone  and  hence  would  be  out  of  service  during  a 
considerable  portion  of  the  year.  Because  of  their  size  and  the  perfection 
of  equipment,  all  would  be  operated  by  smokeless  fires.  All  small  fires, 
which  at  the  present  time  serve  for  heating  and  power  iu  individual  build- 
ings, would  cease  to  exist,  and  large  fires  under  boilers  of  great  industries 
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and  in  furnaces  of  metallurgical  establishments,  would  be  made  smokeless 
by  means  wliicli  would  enhance  their  economy  in  operation.  Railroad 
trains  passing  through  the  controlled  area  would  be  drawn  by  smokeless 
locomotives,  and  above  and  around  the  city  a  clear  atmosphere  would  con- 
tribute to  the  cleanliness  of  all  things  and  to  the  comfort  and  peace  of 
mind  of  all  its  people. 
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Experimental  Studies  in  Reinforced  Concrete. 


W.    K.    riATT. 


It  was  the  comfortable  assurance  of  that  urbane  Roman  poet,  Horace, 
that  he  had  built  himself  a  monument  more  lasting  than  brass  in  the  intel- 
lectual life  of  mankind.  At  the  time  that  he  was  writing  these  lines  the 
Roman  engineers  were  constructing  those  concrete  aqueducts  and  domes 
that  have  served  mankind  on  the  physical  side  during  the  time  that  Horace 
had  been  a  source  of  perpetual  delight  to  the  students  of  classical  writ- 
ings. Which  product  will  endure  the  longer  is  an  open  question.  One 
thing  is  certain,  while  many  persons  of  exquisite  taste  may  prefer  Horace 
to  our  modern  writers,  all  well-inlormed  persons  conclude  that  the  en- 
gineer of  today  has  surpassed  the  Roman  engineer  in  the  quality  and  use 
of  concrete. 

The  number  of  recent  failures  of  reinforced  concrete  buildings,  at- 
tended with  the  loss  of  life  of  workmen,  does  not  constitute  an  argument 
against  the  advance  of  the  practice  of  this  new  art,  but  calls  attention  to 
the  need  of  correct  theory  in  design  and  expert  supervision  in  construction. 
Steel  for  buildings  is  made  under  highly  technical  methods,  and  a  searching 
inspection  by  trained  men,  whereas  concrete  for  buildings  may  be  formed 
by  ignorant  and  unskilled  workmen,  and  may  be  supervised  by  foremen 
who  are  mostly  inexperienced  in  the  art  of  proportioning  and  mixing  the 
ingredients.  Defective  material,  either  of  cement,  sand  or  stone,  dishonest 
skimping  of  cement  and  poor  inspection,  incorrect  proportioning,  and  a  too 
early  removal  of  the  wooden  forms  from  the  floors  molded  in  cold  weather, 
or  heavily  laden  with  stored  cement  and  other  materials,  are  sufficient 
causes  to  explain  these  failures.  An  increasing  number  of  these  may  be  ex- 
pected as  time  goes  on  and  untrained  men  who  have  learned  their  busi- 
ness in  other  lines  of  construction,  take  up  the  work  of  building  reinforced 
concrete  structures.  The  resulting  loss  of  life  will  no  doubt  call  attention 
to  the  necessity  of  regulating  by  proper  building  laws  this  new  construc- 
tion, which  has  spread  so  rapidly  over  the  country  from  sea  to  sea.  In 
1902,  when  the  first  published  results  of  experimentations  appeared  in  this 
country  from  the  Laboratory  for  Testing  Materials  of  Purdue  University, 
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one  had  to  go  far  to  observe  instances  of  reinforced  concrete.  Last  sum- 
mer in  Seattle  the  writer  saw  no  other  tj'pe  of  building  in  process  of  con- 
struction. At  Atlantic  City  in  1902,  when  the  experiments  referred  to  were 
placed  before  the  American  Society  for  Testing  Materials,  there  was  no 
instance  of  the  use  of  reinforced  concrete  in  sight.  Last  summer,  at  the 
meeting  of  the  Society,  one  viewed  the  stately  and  beautiful  Marlborough- 
Blenheim  hotel  entirely  constructed  of  reinforced  concrete ;  the  replace- 
ment of  the  steel  pier  by  reinforced  concrete  piles  and  girders ;  and  the 
construction  of  a  new  recreation  pier  of  this  type  of  construction.  The 
growth  has  been  truly  marvelous.  Not  only  has  the  extent  of  its  use  in 
bridges  and  buildings  increased,  but  the  variety  of  its  application  is  extra- 
ordinary. In  a  list  of  constructions  in  which  it  is  successfully  and  eco- 
nomically used  may  be  included :  Retaining  walls,  dams,  tanks,  conduits, 
chinnieys,  arches,  culverts,  foundations,  floors  for  buildings,  railroad  gird- 
ers, highway  bridges,  pipes,  railway  ties,  piles,  stairs  and  roofs. 

At  the  present  time  the  underlying  mechanical  principles  and  the  con- 
stants of  design  are  fairly  well  determined,  and  we  wait  upon  the  archi- 
tects to  express  the  truth  of  these  principles  in  a  beautiful  structure. 
While  this  type  of  construction  associates  itself  with  the  broad  and  simple 
wall  spaces  and  low  buildings  of  the  Spanish  Mission  style,  with  surface 
ornaments  of  tiling  and  Mosaic,  it  also  lends  itself  to  important  modern 
civic  buildings.  The  stateiiness  of  beauty  of  the  Marlborough-Blenheim 
Hotel  at  Atlantic  City  has  been  mentioned.  The  Ingalls  Building,  Cincin- 
nati, and  the  new  Terminal  Station  at  Atlanta,  Ga.,  are  other  examples. 

Without  stopping  to  discuss  the  properties  of  waterproofness,  fire- 
proofness,  durability,  etc.,  or  the  multitude  of  topics  of  interest  'and  im- 
portance that  crowd  one's  mind  in  connection  with  reinforced  concrete,  at- 
tention will  be  simply  called  to  the  mechanical  principles  underlying  the 
construction. 

Concrete,  like  stone,  is  weak  in  tension,  but  strong  in  compression  at  a 
ratio  of  1  to  10.  Consequently  when  under  flexure,  as  in  a  beam,  the  con- 
crete is  not  used  economically ;  for  it  breaks  on  the  lower  side  in  tension 
before  the  compressional  strength  is  utilized.  A  beam  may  be,  however, 
strengthened,  or  reinforced,  by  the  insertion  of  a  steel  rod  in  the  lower 
side  of  the  beam.  These  rods  are  usually  bent  up  near  the  ends  of  the 
beam  so  as  to  also  reinforce  the  beam  against  the  diagonal  tensional 
stresses  that  occur  at  the  ends,  due  to  the  combination  of  shear  and  direct 
stress. 
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Before  the  rod  can  come  into  operation  during  a  flexure  of  the  beam, 
there  must  be  the  necessary  adhesion  between  the  concrete  and  the  rod  to 
transfer  the  stress  to  the  rod,  and  bring  the  latter  into  action.  This  ad- 
hesion varies  from  300  pounds  to  500  pounds  per  square  inch  of  the  sur- 
face of  the  rod.  and  under  favorable  conditions  is  sufficient  to  develop  the 
strength  of  the  steel  in  the  concrete.  The  adhesion  seems  to  be  more  of  a 
mechanical  action  than  chemical,  and  is  due  to  the  entrance  of  the  fine 
cement  into  the  mici-oscopic  pits  on  the  surface  of  the  smooth  rods.  Many 
designers  use  artificially  deformed  bars,  such  as  corrugated  bars  and 
twisted  steel  bars,  to  increase  this  adhesion. 

In  this  way  a  beam  is  reinforced  so  that  both  the  concrete  in  compres- 
sion and  the  steel  in  tension  may  be  worked  to  their  full  value.  Any  one 
who  has  seen  a  plain  concrete  beam  broken  in  a  testing  machine,  and  then 
has  witnessed  a  test  of  a  reinforced  concrete  beam,  will  be  first  of  all 
struck  by  the  apparently  greatly  increased  flexibility  of  the  reinforced  con- 
crete beam,  which  deflects  ten  times  as  much  as  the  plain  beam  before 
showing  any  visible  cracks,  and  when  the  load  is  removed  the  elasticity  of 
the  steel  draws  the  beam  back  nearly  to  its  original  shape.  It  is  probable, 
iiowever,  that  this  process  of  bending  the  reinforced  concrete  beam  early 
develops  very  minute  ihiws  in  the  concrete  which  are  invisible  to  the 
naked  eye,  so  that  it  is  not  safe  to  count  upon  a  tensile  strength  of  the 
concrete  in  computing  the  total  resisting  strength  of  the  beam.  Designers 
compute  the  resisting  moment  of  the  beam  as  based  upon  the  compressional 
stresses  in  the  concrete  and  the  teusional  stress  in  the  steel  alone. 

The  original  tests  at  Purdue  University  were  arranged  to  determine : 

1.  The  increased  strength  added  by  a  given  amount  of  steel  inserted  in 
a  plain  concrete  beam. 

2.  The  law  connecting  the  strength  of  the  beam  with  the  amount  of 
steel. 

3.  The  law  connecting  the  strength  of  the  beam  with  the  position  of 
the  rods  in  the  beam. 

4.  The  value  of  gravel  in  reinforced  concrete. 

To  determine  these  relations  a  series  of  concrete  beams  was  made  of 
first-class  materials  with  rich  mortar.  In  other  words,  the  beams  were 
carefully  made  with  a  combination  of  one  part  cement  to  two  parts  of 
sand  and  four  parts  of  broken  stone.  The  concrete  was  probably  superior 
to  that  made  in  the  ordinary  process  of  construction.  This  was  proper  be- 
cause the  theoretical  laws  were  being  verified,  and  for  that  purpose  it  was 
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ueoessai-y  to  have  nnifonu  materials  of  good  quality.  The  elements  of  the 
strength  of  the  materials  entering  into  the  beams  were  determined  first 
of  all ;  namely,  the  compressive  and  tensional  sti'ength  of  the  concrete,  to- 
gether with  the  niodnlns  of  elasticity  of  the  concrete,  both  in  tension  and 
compression ;  the  adhesion  bet\^een  the  cement  and  the  steel ;  the  elastic 
limit  of  the  steel ;  a  mechanical  analysis  made  of  the  materials.  Since 
the  beams  were  long  in  span  compared  to  their  height,  and,  therefore,  the 
shearing  stresses  were  not  important,  rods  of  smooth  steel  were  used. 
Having  determined  all  the  elements  entering  into  the  strength  of  the 
beam,  and  then  the  tested  strength  of  the  beam  itself,  it  next  became  neces- 
sary to  formulate  a  mechanical  analysis  of  the  combination  of  steel  and 
concrete  in  flexure,  and,  with  the  experience  of  the  tests  of  the  beams  in 
hand,  to  derive  equations  for  design  and  calculation.  The  truth  of  these 
equations  and  the  Aalidity  of  the  process  of  the  analysis  could  then  be 
checked  by  reference  to  the  tested  strength  of  the  l)eams.  These  equations 
were  derived  and  have  been  used  very  largely  by  engineers  throughout  the 
country  in  designing  reinforced   concrete  structures. 

Engineers  as  a  rule  have  found  it  necessary  to  review  their  knowl- 
edge of  mechanics  in  dealing  with  reinforced  concrete,  not  that  there  is 
any  new  principle  invohed.  but  the  number  of  factors  in  the  equations  of 
flexure  is  greater,  and  an  account  nmst  be  taken  of  the  relative  moduli 
of  elasticity  of  the  two  materials,  steel  and  concrete.  Furthermore,  the 
lack  of  perfect  elasticity  of  the  concrete  leads  to  an  assumption  of  some 
other  than  a  rectilinear  relation  between  stress  and  strain. 

Again  the  neutral  axis  of  the  cross  section  must  be  determined.  Its 
location  is  not  simply  fixed  by  the  center  of  gravity  of  the  cross  section, 
but  is  controlled  by  the  amount  of  steel  present,  the  relative  moduli  of 
elasticity  of  the  steel  and  concrete,  and  by  the  position  of  the  steel.  The 
writer's  equations  have  followed  the  usual  assumptions  of  flexure,  with  the 
following  special  assiniiptions : 

1.  That  the  modulus  of  elasticity  of  concrete  in  tension  and  com- 
pression is  the  same. 

2.  That  there  is  a  parabolic  relation  between  stress  and  strain  in  the 
concrete. 

3.  That  in  the  earlier  stages  of  the  loading  of  the  beam  the  concrete 
cariies  stress  in  tension,  but  later,  at  higher  loads,  this  tensile  strength 
may  be  disregarded. 

The  equations  are  somewhat  cumbersome,  but  have  been  reduced  to 
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diaj^raiiunalic  form  in  the  Transactions  of  The  American  Railway  Engineer- 
ing and  Maintenance  of  Way  Association,  Vol.  V,  1S;)4,  pages  626  and  627. 
Empirical  equations  of  simple  form  are  presented  in  The  Engineering  Re- 
view of  Purdue  Tiniversity,  Vol.  I,  1905. 

In  calculating  the  strength  of  the  reinforced  concrete  beam  sufficiently 
approximate  results  can  be  obtained  by  omitting  consideration  of  the  tensile 
stresses  in  the  concrete,  and  supposing  a  rectilinear  relation  between  stress 
and  strain.  The  moment  of  flexure  is  then  most  simply  expressed  as  the 
total  force  in  the  steel  multiplied  by  the  distance  to  the  centroid  of  the 
compressive  stresses.  This  latter  distance  is  expressed  with  sufficient  ac- 
curacy as  a  fraction  of  the  depth  of  the  beam,  this  fraction  having  been 
determined  by  experimental  measurement  on  the  tested  beams. 

Care  in  all  cases  must  be  taken  to  compute  the  maximum  compressive 
stress  arising  in  the  concrete  under  the  conditions  of  the  problem,  and  also 
the  amount  of  diagonal  terision  at  the  ends  of  the  beams  must  be  computed 
and  provided  for  by  stirrups,  or  l)y  bending  up  some  of  the  rods  at  the  ends. 

To  conclude  this  brief  consideration  of  reinforced  concrete,  a  conserva- 
tive estimate  would  include  the  following  principles : 

1.  Concrete  is  durable  and  fireproof  when  made  of  the  proper  aggre- 
gate. 

2.  The  strength  of  combination  of  steel  and  concrete  may  be  calcu- 
lated with  a  sufficiently  close  degree  of  accuracy. 

3.  Shapely  and  beautiful  structures  may  be  built  of  this  material. 
It  is  particularly  adapted  for  mill  buildings  because  of  the  absence  of  vibra- 
tions which  are  induced  in  the  ordinary  type  of  mill  buildings  by  the 
rapidly  revolving  jnachinerj\ 

4.  The  cost  of  a  properly  designed  reinforced  concrete  building,  where 
wooden  forms  are  used  to  advantage,  need  not  exceed  more  than  5  or  10 
per  cent,  of  the  cost  of  mill  buildings  of  the  ordinary  type  with  brick  walls 
and  wooden  beams  of  the  so-called  slow-burning  construction,  provided  that 
the  concrete  may  be  laid  as  at  present  by  unskilled  laboi". 


6— A.  OF  Science. 
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The  Newer  Hygiene. 


Wilfred  H.  Man  waring. 


lustruction  in  the  nature  of  infections  diseases,  especially  in  tlie  means 
of  transmitting  tliese  diseases  from  one  person  to  another,  is  required  by 
law  in  all  our  public  schools.  This  law  is  of  great  value ;  for  it  is  only 
through  the  intelligent  co-operation  of  a  well-informed  public  that  hy- 
gienic and  sanitary  measures  designed  to  control  and  stamp  out  infectious 
diseases  can  be  successful.  A  wide  diffusion  of  this  Icnowledge  will  go  far 
to  make  tuberculosis  a  thing  of  the  past,  and  diphtheria  and  smallpox  un- 
known. 

In  obedience  to  the  legal  requirement,  there  ai'e  taught,  in  our  public 
scliools,  certain  elementary  facts  regarding  the  nature  of  pathogenic  bac- 
teria, and  certain  facts  regarding  the  ways  in  which  these  bacteria  are  trans- 
mitted from  one  person  to  another.  These  facts  in  themselves  are  of  in- 
estimable value,  but  they  are  insuflicient. 

The  presence  of  bacteria  within  or  upon  the  human  body,  the  trans- 
mission of  disease-germs  from  the  sick  to  the  well,  is  but  one  of  the  factors 
tending  to  cause  disease.  To  acquire  a  disease  it  is  usually  necessary,  not 
only  to  acquire  the  germs  of  that  disease,  but  there  must  be  a  lowering  of 
bodily  resistance  as  well. 

Every  fourth  person  in  this  room  is  carrying  daily  in  his  throat  or 
mouth  virulent  pneumococci.  Yet  he  does  not  acquire  pneumonia.  And 
why?  Because  there  is  an  efficient  defense  against  this  disease  in  the 
healthy  human  body,  t^ome  day  this  defense  will  be  lowered  and  pneu- 
monia develop.  Most  soldiers  .in  the  Philippines  carry  in  their  intestinal 
canals  virulent  gern)s  of  dysentery ;  and  with  no  ill  effects,  till  intoxication 
or  dietary  excesses  lower  the  intestinal  I'esistance.  We  daily  inhale  germs 
of  tuberculosis.  Some  day,  when  our  resistance  is  low,  we  will  acquire  the 
disease. 

A  knowledge  of  the  Viody's  flgliting  jiower  against  bacteria,  a  knowledge 
of  the  ways  in  which  that  jiower  can  bo  increased  or  decreased  by  heredi- 
tary inlluences  and  by  modes  of  life,  is  therefore  of  hygienic  importance. 
It  should  form  part  of  the  cui-riculum  of  every  public  school. 
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The  body  rights  disease  in  many  ways.  It  will  be  sufficient  for  hy- 
gienic purposes  to  teach  but  three  of  these  ways:  (i)  the  method  of  anti- 
toxiues ;  (ii)  the  metliod  of  antiseptics  and  (iii)  the  method  of  phagocyto- 
sis. 

There  ar  many  diseases  in  wliich  the  symptoms  are  caused,  not  by  the 
bacteria  themselves,  but  by  the  poisons  the  bacteria  manufacture.  Thus, 
in  tetanus,  or  lockjaw,  the  bacteria  grow,  perhaps  unnoticed,  at  the  bottom 
of  the  Fourth-of-July  wound  on  the  hand  or  foot ;  but  the  chemical  poisons 
they  manufacture,  carried  by  the  blood  to  the  brain  and  spinal  cord,  cause 
the  spasms  and  convulsions  that  characterize  the  disease.  In  diphtheria 
the  bacteria  rarely  enter  the  body,  but  grow  in  grayish-white  masses  on 
the  moist  surfaces  of  tlie  mouth  and  throat.  The  chemical  poisons  they 
manufacture,  absorbed  by  the  tissues,  cause  the  paralysis  and  heart  failure 
that  characterize  the  disease. 

The  body  has  the  power  of  forming  substances  that  neutralize  these 
poisons.  To  these  neutralizing  substances  the  name  antitoxine  has  been 
given. 

This  fact  is  of  hygienic  importance  for  two  reasons:  First,  because  it 
is  sometimes  possible  to  assist  the  body  in  its  efforts  to  form  antitoxines, 
by  introducing  into  it  antitoxines  artificially  prepared;  and,  second,  because 
the  body's  power  to  form  these  substances  is  modified  by  mode  of  life. 

A  horse  that  has  been  repeated^'  injected  with  the  poisons  manufac- 
tured by  the  germs  of  diphtheria,  grown  on  artificial  culture  media,  de- 
velops enormous  amounts  of  diphtheria  antitoxine.  A  few  drops  of  the 
serum  of  this  horse  renders  harmless  large  quantities  of  diphtheria  poison. 
Through  the  use  of  diphtheria  antitoxine  in  practical  medicine,  the  mortal- 
ity from  diphtheria  has  been  reduced  from  the  24  per  cent,  to  40  per  cent, 
it  was,  twenty  years  ago,  to  the  less  than  1  per  cent,  it  now  is,  in  well- 
treated  cases.  Overwork,  insufficient  clothing,  improper  food,  alcoholic  ex- 
cesses, lack  of  sleep,  and  other  factors,  so  lower  the  antitoxiue-forming 
power  of  the  body  as  to  greatly  increase  the  dangers  from  infection. 

The  second  way  of  hygienic  significance  in  which  the  body  fights  dis- 
ease, is  by  the  formation  of  chemical  substances  that,  although  they  have  no 
influence  on  the  chemical  poisons  manufactured  by  bacteria,  have  an  even 
more  important  propei'ty,  that  of  killing  the  bacteria  themselves. 

The  presence  of  antiseptic,  or  bacteria-killing  substances  in  the  blood 
and  tissue  juices  is  easily  shown.     One  has  but  to  mix  bacteria  with  serum 
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and  test  Iroiu  time  to  time,  by  simply  cultural  methods,*  whether  or  not  the 
bacteria  are  alive.  Thus,  in  one  experiment,  there  were  mixed  with  human 
serum  tj'phoid  fever  germs  in  such  numbers,  that  every  drop  of  the  serum 
contained  50,000  bacteria.  Two  minutes  later  but  20,000  of  these  were 
alive;  at  the  end  of  ten  minutes,  but  800;  and  in  twenty-five  minutes,  they 
were  all  dead. 

Not  only  can  serum  kill  bacteria,  but  most  of  the  secretions  of  the 
healthy  human  body  are  bacteria-killing  as  well.  Gastric  juice,  vaginal 
secretion  and  uasal  secretion,  kill  bacteria  in  enormous  numbers.  The  hy- 
gienic significance  of  this  is  evident  from  the  fact  that  these  bacteria-killing 
substances,  also,  are  moditied  by  modes  of  life.  Dietary  excesses  may  so 
lower  the  bacteria-kiiliiig  properties  of  gastric  juice,  and  unsanitary  condi- 
tions so  lessen  that  of  the  tissue  juices  that  susceptibility  to  infectious  dis- 
eases is  greatly  increased. 

The  third  way  of  hygienic  imijortance  in  which  the  body  fights  disease, 
is  by  phagocytosis.  In  the  body  there  are  millions  of  white  blood  cor- 
puscles, each  having  the  power  of  independent  motion  and  as  one  of  its 
functions  the  faculty  of  eating  and  destroying  disease  germs. 

It  is  found  that  the  bacteria-eating  power  of  white  corpuscles  is  largely 
dependent  upon  certain  chemical  substancest  present  in  the  blood  and 
tissue  juices.  Without  these  chemical  substances  the  eating  of  certain 
pathogenic  bacteria  does  not  take  place.  With  them,  it  is  very  active.  It  is 
further  found  that  these  ciiemical  substances  are  influenced  by  modes  of 
life.  That  they  may  be  increased  or  decreased  under  difi'erent  hygienic 
conditions.  Phagocytosis,  therefore,  has  also  a  place  in  popular  hygienic 
linowledge. 

One  of  the  unfortiniate  results  of  the  spread  of  knowledge  of  patho- 
genic micro-organisms  is  the  formrttiou  of  an  unreasoning  popular  fear  of 
disease  germs.  It  is  thought  tliat  a  wide  understanding  of  facts  regarding 
bodily  resistance  will  tend  to  rer)lace  this  unfortunate  germ-fear  by  a 
rational  faith  in  tlie  l)ody's  marveloas  powers.  That  it  may  turn  the  tide 
of  hygienic  endeavor,  from  an  exclusive  fight  against  bacteria  to  a  com- 
bined fight  against  bacteria  and  for  bodily  resistance. 


"See  Popular  Science  Monthly,  Vol.  66,  pp.  474-177. 
t  Opsonins. 
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CoNCERNiN({  Differential  Invariants. 


David  A.  Rothrock. 


During  the  last  I'orty  years  wouderful  pi'ogress  has  been  made  in  many 
fields  of  higher  mathematics.  One  distinct  line  of  investigation  has  had  to 
do  witli  a  Diicroscopic  examination  of  the  fundamental  axioms  of  the  ele- 
mentary mathematics,  of  conditions  of  convergence,  of  the  sufficient  condi- 
tions in  the  calculus  of  variations,  and  so  on.  Another  essential  advance 
has  been  made  by  unifying  many  separate  and  apparently  distinct  fields  of 
mathematics  under  one  common  law.  Among  many  advances  in  this  latter 
line  of  work,  none  are  more  important  than  the  work  of  Sophus  Lie,  a  Nor- 
wegian, who  lived  from  1842  to  1S90. 

Lie  received  his  doctorate  from  the  University  of  Christiania  in  1SG5, 
caring  no  more  for  matheniatical  work  than  for  literary  or  philological 
work.  In  fact,  he  had  thought  of  becoming  an  engineer ;  but  receiving  an 
appointment  to  a  docentship  in  the  university,  he  turned  his  attention  to 
the  study  of  advanced  mathematics.  The  real  mathematical  genius  of 
Lie  was  aroused  by  a  course  of  lectures  on  substitutions  by  Professor  Sy- 
low.  Lie's  creative  period  seeins  to  have  extended  from  1868  to  about  1874, 
during  which  time  he  came  into  possession  of  the  essential  features  of  his 
epoch-making  Theoi'y  of  Continuous  Groups.  The  remainder  of  his  life 
was  devoted  to  the  elaboration  of  his  early  conceptions,  and  to  the  appli- 
cations of  his  theories.  A  general  development  of  the  higher  number  sys- 
tems, a  classification  of  ordinary  and  partial  differential  equations,  with 
methods  of  their  solutions,  invariants  and  covariants,  many  problems  of 
physics  and  astronomy,  are  all  treated  from  the  standpoint  of  the  con- 
tinuous group.  Below  is  sketched  a  brief  outline  of  the  continuous  group 
theory  of  Lie,  as  applied  to  differential  invariants,  and  the  calculation  of  an 
important  differential  invariant  is  indicated. 

1.  Point  Transformation.  Let  x,  y  be  the  Cartesian  coordinates  of  any 
point  iu  the  plane,  and  let  xi,  yi  be  any  point  other  than  x,  y.     Then 

XI  =  *  (X,  y),  ji  =  ir  (x,  y) 
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is  said  to  be  a  point  transformation,  carrying  point  x,  y  into  point  xi,  yi. 
Here  it  is  assumed  that  inversely 

X  =  <i)i  (xi,  yi),  y  =  ^1  (xi,  yi) 

carries  the  point  from  xi,  yi  back  to  x,  y.  A  point  transformation  may  be 
looked  upon  either  as  a  transference  of  axes  from  one  system  to  another, 
not  necessarily  the  same  kind  of  system,  or  it  may  be  considered  as  an 
actual  transference  of  one  point  into  another  position  in  the  plane,  the 
axes  of  reference  remaining  unchanged. 

2.  Group  of  Transformations.     A  point  transformation    containing  one 
or  more  parameters 

xi  =  4>  (X,  y,  a,  b,  c,  . . .  k), 
yi  =*(x,  y,  a,  b,  c,  ...  k), 

such  that  far  ao,  bo,  Co, ko,  the  point  x,  y  transforms  into  itself,  is  said 

to  constitute  a  group  of  transformations  when  a  succession  of  two  such 

operations  may  be  replaced  by  one  of  the  same  species.     That  is,  if 

X2  =  *(xi,  yi,  ai,  bi,  ci  .  , .  )  =<1>|  4>  (x,  y,  a, . .  .k),  ■^  (x,  y,  a,  . . .  k),  ai. . .  ki  | 

=  O)  (X,  y,  a.2,  b,,  C2,  ...  kg), 
y2  ='!' (x,  y,  a2,  b2,  Cj,  ...  kg), 

where  a2  :=  fi  (a,  b,  . . .  k,  ai,  bi,  c,  . . .  ki),  bj  =  f  2  (a,  b,     . .  ki)  ,  then 

XI  =  *  (x,  y,  a,  b,  ...  k),  yi  =  t  (x,  y,  a,  b,  . . .  k) 

are  the  transformations  of  an  r-parameter  group,  the  parameters  a,  b,  c, 
. . .  k  being  r  in  number  and  independent.  A  similar  definition  may  be 
given  to  a  group  in  one,  three,  four,  or  n  variables*. 

3.  The  Infinitesimal   Transformations.     An  infinitesimal  transformation 
is  defined  analytically  by 

Sx  =  f  (x,  y)  <h,  (5y  —  //  (X,  y)  <5t. 

Such  a  transformation  attaches  to  any  point  x,  y  an  infinitesimal  motion 
whose  projections  on  the  x  — ,  and  y  —  axes  are  respectively,  ^('t  and  //(H, 
and  whose  distance  is  /  f  ■^  4-  //^  (h.  Lie  shows  sucli  infinitesimal  trans- 
formations to  belong  to  a  single-parameter  group. 

XI  =  -I'  (x,  y,  a),  yi  =  *  (x,  y,  a). 

This  may  be  easily  seen  by  letting  o,,  be  the  value  of  a  wliich  leaves  x,  y 
fixed;  then 

xi  =  <I'  (x,  y,  a„  +  '5a).    y,  =  I'  (x,  y,  a,>  -j-  '''a) 


•See  Lie  — Schoffers,  Differential-gleichungen,  pp.  24-25. 
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give  to  the  point  x,  y  an  inliuitesinial  motion.  Expanding  in  powers  of  '5a, 
we  have* 

T  /  V    ,    fd  >1>  (x,  y,  aoVi   t       . 

XI  =  -i-  (X,  y,  a„)  + \-!-^ '5  a  +  ..... 

•v         d  ao         ' 

yx  =  t(x,y,ao)  +  !^^^-^^"M'5a+ 

L         d  a<,         J 

But  il'  (X,  y,  ao)  —  x,  t  (x,  y,  ao)  =  y,  hence 

>^d  ao  J 

yi  =  y  ^     :, —     ''  a  +  ..... 

L  d  ao  J 

rJx  =    f  --•^- V?  a  4-  . . .  =  ^"  (X,  V)  '5  t  +  . . . . . 

I  d  ao  '  . 

<5  y  =    f'  — '/'  1  '^  a  +  . .  .  =  ?/  (X,  T )  -S  t  +  

L  d  ao  J 

Omitting  infinitesimals  of  higher  order  we  liave  tho  rohxtions 

rf  X  =  f  (X,  y)  rf  t,  (5  y  —  //  (X,  y)  'U 

as  the  infinitesimal  transformations  of  a  one-parameter  group. 

In  the  notation  of  Lie  the  symbol 

denoting  the  variation  which  a  function  /  (x,  y)  undergoes  when  x,  y 
receive  the  increments  S  x,  S  y,  is  employed  as  the  symbol  of  an  infini- 
tesimal transformation.  Writing  p,  q  instead  of  the  partial  derivative  of 
^'  (x,  y)  with  respect  to  x  and  y,  respectively,  we  have 

!;/■=  f  (X,  y)  p  +  )/  (X,  y)  q. 

The  infinitesinal  transformations  of  an  r-parameter  group  would  be  given 
by  the  symbol 

Uk  /^  ~  fk  (X,  y)  p  +  ;/k  (X,  y)  q,  k  ==:  1,  2,  3,   ...  r. 

4.  TJie  Group  Criterion.  One  of  Lie's  fundamental  theorems  furnishes 
a  test  whether  or  not  any  given  set  of  infinitesimal  transformations,  Uk  f, 
k  ^  1 ,  2,  . . .  r,  actually  forms  a  group.  This  test  is  the  application  of 
Jacobi's  braclrt  expression 

Ui  (Uj/)— Uj  (Ui  /■),  (i,  j  ==  1,  2,     ...  r,  in  all  combinations). 


'■■"In  this  article  the  symbol  will  be  used  to  denote  the  partial  derivative  of  f  with 

I-  d  X  ' 
regard  to  x,  instead  of  the  round  d  usually  eiDployed. 


If  the  Jacobi  bracket-expression,  constructed  for  all  combinations  of 
i,  j,  is  equivalent  to  a  linear  function  of  the  symbols  Uk/  with  constant 
coefficients,  then  are  the  symbols 

Uk  /'  =  fk  (X,  y)  p  -f  vk  (x,  y)  q,  k  =  1,  2,  ...  r, 

the  infinitesimal  transformations  of  an  7--parjimeter  group.* 

5.      TJie  Extended  Group.     An  infinitesimal  transformation 

U/EEUx,y)    [||"]  +  ''(-^'y)lcryJ 
may  be  extended  in  two  ways.     In  the  first  place,  the  variation  of  the  coor- 
dinates of  n  points  is  simply    the   sum   of   the    variations    of   the  coordi- 
nates of  the  separate  points;  hence,  U  /"extended  in  this  manner  becomes' 

(A).  U/n=  ^""1  fk  (xk,  yk)  f-^^-''-  1  +  //  (xk,  yk)  f//-l   1. 
k—  1  (  I  dxk  J  ^d  yk  '    j 

The  symbol  U/may  also  be  extended  so  as  to  include  the  variation  of 

y'  =  t—'  y"  =  ^2'  •  •  •  • '  y""  =  ^-     We  have 
d  x  d  x^  d  x° 

S  X  =z  c  (X,  y)  rf  t,  (5  y  =  '/  (x,  y)  (5  t. 

,5    /  ^  jj  dy  ^  dx  rf  dy  —  dy  rf  dx  _  d  fi  y  —  j'Ad  x 
dx  dx2  dx 


=    {||-y'^}'5t=    |,,  +  y^(;;y-f,)_y'2Cy| 


dx  dx  J 

=  '/  (X,  y,  yO  '^  t 
In  a  similar  manner. 


rft 


5  y"  =  \^-j"^].6t  =  >,"  (X,  y,  y',  y^O  '^  t. 


dx  dx  J 

and  so  on  for  higher  variations. 

The  infinitesimal  transformation  U/  extended  to  include  these  higher 
variations  becomes 

Each  of  the  members  of  an  r-parameter  group  Uk/,  k  :=  1,  2,  ...  r,  may 
be  extended,  giving  the  infinitesimal  transformations  of  the  coordinates  of 
n  points  as  indicated  by  equation  (A);  or  each  may  be  extended  as  in 
(B)  to  include  the  variations  of  x,  y  ,y',  y^',  j^^\  ...  y'"'.  A  group  of 
transformations  extended  in  style  of  (A)  or  (B)  is  called  an  extended  group. 


'''Lie — Scheft'ers,  Continuierliche  Grupijen,  p.  390. 
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6.     Invariant  Fiuictions.     The  variatiou  of  any  function  'I>  (x,  y)   when 
operated  upon  by  an  infinitesimal  transformation. 

U/=f  p  +  '7q 


is  given  by 


^^^^m+"[U' 


If  <1>  (X,  y)  is  to  remain  unchanged,  tlien  U  <I>  =  o,  and  <I>  (x,  y)  is  a  solution 
of  the  homogeneous  linear  partial  differential  equation 

U  /  =  f  p  +  ?/  q  =  o, 

tliat  is,  "}>  (x,  y)  is  an  integral  of  Lagrange's  equation 

dx dy 

>I>  (x,  y)  so  determined  is  called  an  invariant  for  the  transformation 

U  /  =  f  p  +  //  q. 

A  group  of  two  or  more  independent  transformations  will  not  in  general 
have  an  invariant  function.  But  when  extended  to  include  the  coordinates 
of  n  points,  as  in  (A)  above,  an  r-parameter  group 

Uk  /•(„)  =  f^\  s^k  (Xi,  yi)  [^]  +  vk  (Xi,  yi)  [^]    I ,  k  =  1,  2,  . . .  r, 

gives  rise  to  2  n  —  r  independent  functions 

(?»1    (Sj,   yi,    ...    X„,   J„),   92,   ^3-    •••    02n-r' 

which  are  point-invariants  of  the  group  Qk  f,  and  which  are  derived  by  integrat- 
ing the  r  partial  differential  equations  Uj  fn  =  o,  Uo  fn  ^  o,  ...  Ur/n  =  o. 
After  the  manner  here  indicated  the  writer  has  calculated  all  the  point- 
invariants  for  the  twenty-seven  finite  continuous  groups  of  the  plane  as 
classified  by  Lie.*  The  results  appear  in  the  Proceedings  of  the  Indiana 
Academy  of  Science,  1898,  pp.  119-135. 

7.  Differential  Invariants.  An  infinitesimal  transformation  extended  to 
include  the  increment  of  y^  leaves  invariant  two  functions  9^  (x,  y,  y^), 
<j>2  (x,  y,  y'),  the  solutions  of 

uv  =  f  p  + '/  q  +  '/'  [^/j  =  o- 

The  functions  (p^,  ^2  are  called  differential  invariants  of  the  infinitesimal 
transformation  U'/.     Lie  shows  that  when   two  independent  differential 


'See  Lie-Scheifers,  Contin.  Gruppen,  pp.  360-362. 
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invariants  of  a  given  transformation  are  known,  then  all  others  may  be 
found  by  diflferentiation.* 

a<pi  a.<pi 

An  r-parameter  group  Uk/  extended  to  include  the  increments  of 
y^,  y^^,  . . .  y<'',  when  equated  to  zero,  gives  r  partial  differential  equations 
in  r  -f  2  variables.  These  r  equations  have  two  independent  solutions,  (p^ 
(X,  y,  y',  ...  y^'M.  ^2  (^>  y»  7^  •  •  •  j'-''))  which  are  differential  invariants  of 
tlie  7-parameter  group.  After  the  plan  here  indicated  Lie  has  calculated 
the  differential  invariants  for  the  twenty-seven  groups  of  the  plane. 

The  calculation  of  differential  invariants  may  be  made  by  an  entirely 
different  metliod  than  that  used  by  Lie,  and  indeed  without  any  knowledge 
of  the  group  extended  as  indicated  above.  A  knowledge  of  the  form  of  a 
point  invariant  for  the  group  is  necessary. 

Let  a  point  invariant  ^  (x^,  j^,  x^,  y2.  ■•  .)  be  given,  and  suppose  the 
points  Xj,  yi  ;  Xj,  y^ ;     . . .  ;  Xn,  Jn,  to  be  located  ujton  a  plane  curve 

X  =  f,  (t),  y  =  f2  (ti. 
Then  we  would  have 

Xi  =  fi  ^tl),  yi  =  f2  (ti),  ...  x„  =  fj  (t„\  y„  =  f,  (t,,), 

Allowing  Xo,  yj ;  X3,  y, ;  . . .  ;  x„,  y„  to  coalesce  toward  xi  yi,  we  may  then 

expand  x.^,  j^,  ....  in  power-series 

/  x,=:Xi  +  xMt. +  x^^dt|  +  ...,    y.,  =  yi  +(y'idt2  +  (y'')dt|+..., 

(^M  x3=:Xi  +  xMt3+x^^dt|+...,   y3  =  yi  +  (y')dt3-  (y^')dt|+..., 
(  2  2 

and  so  on  for  x^,  y  j,  . . .  x,,,  yn,  where 

Qx  x^  _  dx,        ^„  ^  d^x,       ^,,,  _  d«Xi 

'  ^         dt/      ■  dtj^'     '  dti»'  ■■■■' 

(2)  (yO  =  ?^,    (y'O  =  ^,    (y'n  -  ^'^' 


dti  dt^  dtf 

The  notation  of  (1),  (2)  should  be  changed  from  parameter  notation  to  the 

ordinary  y'  =::  ^Z,  y  z=  _1ZL,  .... 
dx  dx^ 

y^  =  — ?^  —  ^^  ',  hence  (y')  =  y'  x^,  similarly, 
dx         X'' 

/   {r')=rur)'+rx'';   (y^^O^-y^^'CxOM-Sy'^x-x-'  +  y^x-^ 

^    (yiv)  =  yiv  (xO  *  +  6y  (x') '  x'^  +  3y''  (x'O  ^  +  iy  x'  ^'''  +  j'  x*^' ; 


(yv)  =  yv(x^)  5  -j- 10 yiv  (x')  ^x''  +  y  (I5x'(x'0  '  +  iO.x')  ^-x"')  + 
y''  (10  x''  x"'  4  5  x^  xiv)  +  y  x\ 
and  so  on  for  higher  derivatives. 


'Lie,  Math.  Annalen,  Bd.  XXXII. 
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If  in  any  point  invariant  'b,  the  values  of  x^,  jj ;  x,,  y ,  . . . . ,  taken  from 
([)  be  substituted,  and  then  the  result  developed  into  in  infinite  power-series 
in  the  ascending  powers  of  dt2,  dtj,  dt,,  . . .  dt„,  the  successive  coefficients 
of  the  separate  powers  of  dt^,  dtg,  ...,  and  of  tlie  products  dt2,  dt^.  ... 
are  all  invariant  functions  of  x',  x",  x'",  ...,  (y'),  (y'^j,  ij'"''),  ...•  Tliese 
separate  invariant  functions  may  then  be  changed  by  means  of  equations 

dv       „  _  d^y 
(3)  above  so  tliat  only  x',  x'^,  x''^,  x'^,  ....  and  y'  =  3—'  ^     —  ^-^» » 

occur.     Then  by  algebraic  manipulation  the  parameters  x',  x",  x^^\ 
may    be    eliminated,    leaving   a    differential  invariant  for  the  continuous 
group  from  which  the  point  invariant  <p  had  been  derived. 

8.      The  Differential  Inrarianfs  for  the  General  Projectire  Group. 
The  general  projective  group:     p,  q,  xq,  xp  —  yq,  yp,  xp  +  yq,  x^p  + 
xyq,  xyp  -f-  y-q,  when  extended  leaves  invariant  the  point-function. 


Q= 


xi  yi  1 

xi  y,  1  ] 

(  xi  y,  1 

xi  yi  1 

X,  Vz  1 

-^ 

^2  72  1     \ 

^  X3y3l 

-^ 

-X3  7.3  1 

s;  js  1 

X,  74  1   J 

i  X,  y,  1 

X4  74  1 

Substituting  in  Q  the  series  expansions  of  .Xj,  y2.  X3,  yg,  ...  x^,  y^  from 
equations  (I),  and  developing  the  determinants,  we  have  the  ratio  of  infinite 
series  which  may  be  further  developed  into  a  single  power  series  of  the  form 

Q}  =^  an  +  aj ,  I    -  J  -j-  ^2  1^  _■''-  J  +  a.3  ,  -i  J  4-     •  ■ . . 

where  ai  is  an  expression  containing  a  function  of  dta,  dtj,  dt^,  dts  to 
degree  /,  and  where 


11  =  X'     y"     —  x"  (y'     r:r  y"  x'^, 

12  =  X'  {y'^O  —  x'''  (yO  =  y'''  (x 


+  3y''  (x'j^x^^ 


.-rj-,    I.j  —  x'  (y'^)  —  x*^  (y^)  -  y"  (x^s  j_  6y''^(x')3x''  +  3y^^  x'(x^O* 
I^  =  x^'  (y"'0  —  x'''  (y'O  =  7'''  (xO^x^'  —  y^'  (x')'x'''  -f  By'^x'  ^x' 


and  so  on  until  all  orders  of  dilTerentials  y',  y",  y'^',  . . . . ,  y^"'  have  been 
included.  Now  the  separate  ratios  I2  :  Ii,  I3  :  Ii.  It  :  Ii.  ■  •  •  ■ ,  axe  separate- 
ly invariant,  and  when  reduced  as  in  equations  (K)  contain  the  arbitary 
parameters  x',  x^',  x'^',  x^"'.      The  elimination  of  tliese  parameters  is 


^See  Pro.  Ind.  Acad.,  1898,  p.  135. 
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a  tedious  process,  and  will  not  be  indicated  here.     When  performed,  how- 
ever, there  results  the  two  differential  invariants 

01  =  r2A3  A5-35A,  Al-7  {A,-lAi}^J  -^iA,)K 

?.,  =  jA3{Ae-84A3A, +  ^Ai}-12{A3-^A,A3|{A,-|-Al} 

+  2§.fA,-AAil^l^A^ 
where  A^  =  3y'^  j''  —  4  (y^'0^ 

A3     ^    yV    (y.')2    _    15y/V     y.//    y^/    ^    40     ^  y,,  y,  ^ 

o 

A,  =3yv'  (y-)3_24yv  y-'  (y//^3  ^eOy'-  (y"']^  y"  -  -  40   y''')S 
A5  =  9yv'^  (y'O'  —  105y^'  (J'')'  j'''  +  420  y^'  (y''^^  (y'^j^  - 

700y^V,y///^3y//     +     m^^ly'^/^S^ 

Ac  =27y^"^'  (y^')5— 48  A,y^^'  — 840A,  (y'^'^^  _  2240  A^  fy'^O' 

2240      ,,,  B 

—  2800  A2  (y) '  —  -3- ' y  ^  • 
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CONJUOATE  Functions  and  Canonical  Transformations. 


By  David  A.  Rothrock. 


(Abstract.) 


It  is  known  that  any  function,  ^  (Z),  of  a  complex  variable,  Z  =  x  -|- 
i  J,  may  be  separated  into  a  real  part  ch  (x,  y  i  an  imaginary  part,  i<!>2  'x,  y ), 

and  that  9,,  9,  each  satisfy  Laplace's  equation  '- — ?  +  — -^  =  o*    A  very 

f5x2         (5y2 
elegant  geometric  interpretation  of  these  two  functions  (p^,  <p2  may  be  had 

by  equating  each  to  a  third  variable  C  :  0i  (x,  y)  =:  C,  (J2  (x,  y)  =  C.     Each 

equation  then  represents  a  surface  for  any  point  of  which  Laplace's  equation 

is  true.    By  developing  C  ^=  ^j  (x,  y)  into  a  power  series  in  the  vicinity  of 

any  point  Xo,  yo,  and  using  the  Laplace  equation,  we  have  the  theorem: 

the  projection  of  the  section  of  a  tangent  plane  to  the  surface  C  =  0i  (s,  y) 

upon  the  x,  y-plane  is  a  curve  having  a  double  point  at  Xo,  yo  with  real, 

orthogonal  tangents,  and  hence  the  surface  is  hyperbolic  at  every  point. 

C  =  k  gives  lines  of  level  on  C  -  ^i  (x,  y),  while  C^ka  in  C=i02  (x>  7) 
gives  cylinders  which  intersect  C  =  ^1  (x,  y)  in  curves  of  quickest  descent. 

The  second  part  of  the  paper  deals  with  the  linear  fractional  function 

Zj  = which  has  the  fundamental   invariant  points  fi,lo   about 

which  a  canonical  transformation  may  be  constructed  so  that  Z  ^=  o,  when 

Zi  — A       «  — y/*!  /Z  —  f,\ 
Z'  :=,! I ;  Z  =  ac  ,  Z'  =/2.  This  function  is  Z  ^  j\'_rT  ^  ^^T  7(    \  /"UTT  /• 

z  —  /"i  z  —  /•, 

The  modulus  of  y        ^  ,  and  amplitude  of  y V,  set,  respectively,  equal  to 

constants  give  an  elliptic  system  and  an  hyperbolic  system  of  circles  about 
and  through  the  two  points  ,/\,  A-     Now  the  transformation 
Z^  —.A        «  ->/,  /Z-./V 


z  = 


?/.  /Z-.A\ 


Z2  — Jz 
sets    up    a    motion    about   .A, .A    which    is    determined    by    the   modulus 

and  the  amplitude  of       "lHJJj^.     If    mod.    =f   1    and   amp    =  o,    motion 

«  —  J  J'o 

r52(f>  _  _  ,52$ 

*Where   > — r  denotes  the  second  p  irtial  of  il)  with  regard  to  x,  and  so  for  -? — r. 
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goes  along  the  hyperbolic  circles,  the  elliptic  circles  interchanging.  If 
mod.  =  1,  amp.  =f  o,  motion  goes  along  elliptic  circles,  the  hyperbolic 
system  being  invariant.  If  mod.  ±1,  amp.  =fO,  motion  is  along  neither  family 
but  passes  diagonally  from  curvilinear  rectangle  to  curvilinear  rectangle. 
These  respective  transformations  may  be  named  hyperbolic,  elliptic,  loxodromic. 
The  circles  about  and  tlirough  the  fundamental  points  are  potential  lines 
and  lines  of  flow  in  the  well  known  problem  of  electricity  of  equal  source 
and  sink. 

Bloomington,  Ind.,  Nov.  28,  1906 
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Notes  on  "  Salt  Lime. 


Fra.nk  B.  Wade. 


"Ye  are  tlie  salt  of  the  earth:  hut  if  the  salt  have  lost  his  savour, 
wherewith  shall  it  be  salted?  it  is  thenceforth  good  for  nothing  but  to  be 
east  out  and  trodden  under  foot  of  men." — ^Matthew,  v,  13. 

This  passage  from  "the  [<ermon  on  the  Mount"  has  doubtless  puzzled 
many  a  chemist,  for  salt  ^^•ithont  savour  is  as  much  an  anomaly  as  a  smile 
(s'ithout  a  face. 

Last  summer,  while  sjiending  my  vacation  at  the  seashore,  I  came 
across  an  old-fashioned  "salt  works."  where  common  salt  is  prepared- by 
evaporation  of  sea  water,  partly  by  means  of  trickling  it  over  masses  of 
brush  and  further  by  solar  evaporation  in  shallow  vats. 

It  was  while  investigating  the  process  that  I  came  upon  what  seems 
to  me  to  be  a  plausible  explanation  of  the  scriptural  passage,  and  at  the 
same  time  I  secured  a  quantity  of  the  material  called  by  the  salt  makers 
"salt  lime,"  which  is  the  subject  of  this  paper. 

It  seems  that  the  first  solid  product  to  separate  from  the  sea  water 
upon  concentration  by  evaporation  is  a  very  slightly  soluble,  white,  crystal- 
line substance,  which  gathers  in  the  first  four  or  five  shallow  vats.  These 
are  provided,  so  that  the  tasteless,  gritty  substance  may  not  come  down 
along  with  the  salt  and  constitute  an  undesirable  impurity  in  it.  This 
tasteless  substance  is  "salt  lime." 

As  to  the  connection  between  this  substance  and  the  salt  which  had 
lost  its  savour,  1  think  it  very  probable  that  the  ancient  salt  makers  omit- 
ted to  provide  separate  vats  for  the  first,  very  slightly  soluble  product,  and 
that  as  a  result  it  got  mixed  up  with  their  salt.  Then,  possibly,  owing  to 
exposure  to  moisture,  the  real  salt  may  have  become  dissolved  away  from 
this  less  soluble  part  in  certain  instances,  and  the  residue,  being  tasteless, 
would  naturally  be  supposed  to  liave  "lost  its  savour,"  by  the  unscientific 
mind  of  that  time. 

Having  secured  eight  or  ten  pounds  of  salt  lime,  I  made  an  examina- 
tion of  the  substance  to  determine  its  nature. 

In  physical  ap]iearauce  it  is  grayish  white  in  color,  crystalline  in  struc- 
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ture  and  it  forms  a  layer  about  oue-quarter  inch  tbicli  as  scraped  from 
the  evaporators.  T  was  told  by  the  owner  of  the  salt  works  that  not  over 
thirty  or  forty  bushels  were  obtained  from  the  evaporation  of  an  amount 
of  sea  water  that  would  yield  5,000  bushels  of  salt;  so  it  will  be  seen  that 
the  substance  represents  a  high  degree  of  concentration  ay  the  average  per 
cent,  of  common  salt  in  sea  water  is  only  2.61  per  cent.*  and  the  amount 
of  "salt  lime"'  obtained  is  only  about  1  per  cent,  of  that  of  the  common 
salt. 

This  high  degree  of  concentration  has  led  me  to  investigate  the  sub- 
stance to  see  if  it  possesses  any  radio-activity,  as,  owing  to  the  wide  dis- 
tribution of  radio-active  material  more  or  less  of  it  must  find  its  way  into 
the  ocean,  and,  judging  from  the  position  of  radium  in  the  periodic  sys- 
tem, the  salts  of  radium  ought  to  be  found  as  sulphates  among  the  less 
soluble  constituerits  of  the  ocean  water. 

Experiments  are  now  under  way  with  a  view  to  still  further  concen- 
trate the  material  and  to  find  whether  it  contains  any  trace  of  radio-active 
material. 

Upon  consulting  the  literature  to  which  I  have  had  access,  I  find  that 
mention  is  made  in  nearly  all  cases  of  the  separation  of  gypsum  (CaSOi, 
2HoO)  prior  to  the  separation  of  common  salt  in  the  evaporation  of  both 
sea  water  and  natural  brines  from  wells. 

I  have  conducted  a  qualitative  analysis  of  the  salt  lime  in  the  regular 
way  and  find  that  it  does  consist  mainly  of  gypsum.  It  has  the  water  of 
crystallization  and  gives  the  reactions  of  Ca  and  SO4.  It  gives,  moreover, 
evidence  of  the  i)resence  of  a  small  amount  of  carbonate  of  calcium.  I  have 
seen  no  mention  of  this  last  fact  in  the  literature  to  which  I  have  had  ac- 
cess. In  order  to  determine  the  proportion  of  carbonate  in  the  mixture 
I  pulverized  about  20g.  in  an  agate  mortar  until  it  had  all  passed  through 
a  100-mesh  sieve ;  then  taking  a  "fair  sample,"  as  in  assaying,  I  weighed  out 
5.6623  grams  into  a  Schrotter  ap])ai'atns  and  determined  the  weight  of  CO. 
lost,  in  the  usual  manner. 

The  weight  of  CO,  lost  was  .OlSdg,  indicating  a  weight  of  .4354g  of 
CaCO.-,  (calculated)  or  .62  per  cent.  CaCOj.  A  second  determination  gave 
.71  per  cent. 

1  have  tested  carefully  for  Ba  and  Sr,  using  the  ordinary  form  of 
chemical  spectroscope  as   well   as  the  regular  analytical   tests,   and   have 


"New  International  Encyclopoedia,  p.  723.    3.5  parts   solid  in  100.    77.76    per  cent    ot 
solid  is  salt. 


97 

found  no  traco  of  eitlier.  I  have  also  tested  for  PO^  and  fluorine  with  ne;,'a- 
tive  results. 

On  heatin.i,^  a  sampli'  of  tiie  salt  lime  in  a  dry  test  tube,  there  was 
a  slight  eharrin.ir.  i)ossihly  due  to  a  sliixht  amount  of  material  fi'om  the 
wooden  vats  or  perhaps  from  sea  al.ijae.  There  was  also  a  slight  smell  of 
NHj  on  boiling  a  large  mass  of  the  finely-powdered  substance  with  excess 
of  NaOH  in  an  attempt  to  remove  CaSO^  to  secure  concentration  of  the 
less  soluble  constituents.  This  was  probably  also  due  to  small  aniounts  of 
remains  of  sea  algae. 

From  my  study  of  the  substance  I  would  conclude  that  it  consists 
mainly  of  gypsum.  Imt  that  it  routains  an  appreciable  amount  of  CaC03 
(.65  per  cent.)  and  that  it  is  remarkably  free  from  other  constituents,  due 
probably  to  the  sharp  distinctions  in  solubilit.v  between  the  less  soluble  and 
the  more  soluble  constituents  of  sea  water.  I  hope  to  concentrate  further 
a  considerable  amount  of  the  substance  and  examine  it  for  traces  of  radio- 
active material  or  other  constituents. 


7— A.  OF  SCIKNCE. 
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The  Effect  of  Sugar  on  Sourness. 


p.  N.  Evans. 


It  is  common  experience  that  some  foods  and  beverages  taste  less  sour 
when  sugar  is  added,  and  it  seems  worth  while  to  seek  an  explanation  of 
the  fact. 

In  books  of  popular  science  the  statement  is  sometimes  made  that 
the  sugar  "neutralizes"  the  acid — in  some  such  way,  presumably,  as  a  base 
might.  This  explanation  is  untenable  from  tlie  chemist's  standpoint,  in- 
asmuch as  sugar  enters  into  no  such  reaction  with  acids. 

Better  informed  writer^  sometimes  aver  that  since  sugar  can  not  neu- 
tralize acids  its  value  in  such  cases  is  only  imaginary  and  not  real.  Since, 
nowGver,  in  matters  of  taste,  if  the  imagination  is  satisfied  the  problem  is 
pracucally  solved,  it  becomes  of  interest  to  know  liow  the  imagination  is 
satisfied  in  this  instance. 

Sourness  is  now  known  to  be  a  property  of  the  hydrogen  ion  ;  for  all 
acids,  and  acids  only,  are  sour,  and  all  have  this  constituent,  and  this  only, 
in  common,  when  dissolved  in  water.  A  diminution  in  intensity  of  sour- 
ness must  therefore  be  due  either  to  a  reduction  in  the  number  of  hydrogen 
ions  in  a  given  volume  of  the  solution,  or  to  a  lessened  sensitiveness  to 
sourness  on  the  part  of  the  nerves  of  taste. 

An  investigation  was  made  by  the  writer  as  to  whether  the  introduction 
of  sugar  diminished  the  degree  of  ionization  of  hydrochloric  acid  in  a  given 
solution,  using  the  freezing  point  method,  and  it  was  found  that  there  was 
no  effect,  the  degree  of  ionization  of  tlie  acid  being  the  same  in  the  pres- 
ence and  in  the  absence  of  sugar. 

The  value  of  sugar,  then,  nuist  depend  on  its  physiological  effect  on 
the  nerves  of  taste,  not  on  any  chemical  action  by  which  the  concentration 
of  hydrogen  ions  is  reduced. 

Some  years  ago  Professor  T.  W.  Ricliards  of  Harvard  University  (Am. 
Chem.  Jour.  1SD8,  121),  called  attention  to  the  delicacy  of  the  sense  of  taste 
in  detecting  sourness  and  in  comparing  it  in  different  intensities.  With  the 
assistance  of  Miss  Carrie  Richardsou   (now  Mrs.  C.  E.  Roth)   the  writer 
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made  a  series  of  over  four  hundred  experiments  in  detecting  acid  in  the 
presence  and  in  tlie  absence  of  sugar. 

The  experiments  Avere  conducted  as  follows :  Solutions  of  hydrochloric 
acid  of  known  strength  were  prepared,  and  equivalent  solutions  of  sodium 
hydroxide  were  added  gradually,  the  solution  being  tasted  after  each  ad- 
dition until  sourness  disappeared.  In  other  experiments  the  acid  was 
added  to  the  alkali  until  soui'ness  was  noticeable.  Both  methods  proved 
about  eiiually  delicate.  As  long  as  the  solution  was  strongly  acid  or  alka- 
line, only  a  drop  or  two  was  introduced  into  the  mouth,  but  when  the 
neutral  point  was  almost  reached  a  cubic  centimeter  of  liquid  was  used 
and  held  in  the  mouth  for  a  few  seconds.  The  graduations  of  the  burettes 
were  hidden  during  every  titration,  that  the  judgment  might  not  be  prej- 
udiced. 

Experiments  were  made  with  solutions  of  acid  varying  from  0.715 
normal  to  0.0143  norjnal,  or  solutions  containing  0.715  to  0.0143  milligrams 
of  hydrogen  ions  per  cubic  centimeter.  Sugar  was  added  in  quantities 
ranging  from  0.04  to  0.8  grams  per  cubic  centimeter. 

"With  the  experience  gained  in  about  twenty  titrations  considerable 
accuracy  of  taste  had  been  acquired,  so  that  consistent  results  were  then 
obtained  differing  only  about  1  part  in  70  in  a  15  cubic  centimeter  titration 
with  the  stronger  solutions  and  in  the  absence  of  sugar,  from  those  ob- 
tained with  chemical  indicators,  the  error  being  in  almost  all  cases  in  the 
same  direction,  as  might  be  expected — sourness  disappeared  with  the  ad- 
dition of  less  cdkali  than  the  acidity  as  determined  by  phenolphthalein,  or 
sourness  appeared  only  on  adding  slightly  more  acid  than  required  by  the 
indicator.  With  the  more  dilute  solutions,  however,  the  absolute  results 
were  more  exact.  This  is  accounted  for  by  the  presence  at  the  end  point 
of  less  salt  (due  to  the  neutralized  acid  and  alkali)  in  the  more  dilute  solu- 
tions, the  presence  of  salt  reducing  the  delicacy  of  the  sense  of  taste  for 
sourness.  With  the  most  dilute  solutions  it  was  foimd  possible  to  recog- 
nize with  certainty  the  jireseuce  of  0.U07  milligrams  of  hydrogen  ions  in 
the  mouth,  in  1  cubic  centimeter  of  liquid,  although  4  milligrams  of  salt 
were  also  present.  In  the  niost  concentrated  solution  0.01  milligrams  of 
hydrogen  ions  was  recognizable  in  the  presence  of  34  milligrams  of  salt. 

The  presence  of  sugar  had  the  same  effect  as  that  of  salt — the  more 
sugar  present  in  the  solution  the  larger  was  the  quantity  of  acid  necessary 
for  detection  by  taste;  even  the  largest  quantities  of  sugar  used  (0.8  grams 
per  cubic  centimeter)  increased  the  necessary  quantity  of  acid  less  than  1.5 
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times  comj^ared  with  tliat  needed  in  the  absence  of  sugar;  4.034  grams  of 
salt  was  ahont  as  effective  as  0.8  grams  of  sugar.  In  other  words,  if  the 
mind  is  intent  on  noticing  sourness,  even  large  quantities  of  sugar  do  not 
seriously  interfei'e.  In  the  usual  eating  of  sweet  and  sour  food,  hosvever, 
tlie  miiid  is,  as  it  were,  engrossed  with  the  sensation  of  sweetness  aud  ren- 
dered correspondingly  less  sensitive  to  other  tastes. 

In  al!  probability  any  other  jfowerful  taste  would  be  as  effective  in  hid- 
ing sourness  as  sweetness  is,  but  no  other  taste  in  concentrated  form  is  so 
generally  agreeable  as  sweetness.  The  sourness  of  lemonade  would  cer- 
tainly be  as  thoroughly  masked  by  highly  salting  it  as  by  the  addition  of 
sugar;  the  I'esult  would  not,  however,  be  as  agreeable  to  the  majority  of 
lemonade  drinkers,  probably. 

In  conclusion,  brief  refeience  might  be  made  to  a  few  experiments  ou 
the  effect  of  sugar  on  bitterness,  as  sweetness  and  bitterness  are  commonly 
considered  to  be  mutually  exclusive  terms — a  thing  can  not  be  both  sweet 
and  bitter,  though  it  can  be  at  once  sweet  and  sour.  The  experiments  were 
made  by  the  writer  a\  ith  mixtures  of  solutions  of  sugar  and  of  quinine,  but 
it  was  found  im])ossibie  to  obtain  any  numerical  results,  for,  no  matter 
what  the  proportion  within  very  wide  limits,  the  sensation  of  sweetness 
preceded  that  of  bitterness,  the  mixture  tasting  sweet  at  the  first  moment 
and  then  bitter,  the  latter  sensation  being  very  lasting. 

The  use  of  sugar,  then,  to  render  sourness  less  intense,  is  based  on  a 
physiological,  not  on  any  chemical  effect ;  the  nerves  of  taste  are  less  sen- 
sitive to  one  kind  of  taste  in  the  presence  of  another,  though  the  mind  by 
concentration  can  largely  overcome  this  obscuring  effect. 
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A  Simple  Method  of  Measlirinc;  IIydroiasis. 


George  A.  Abbott. 


Several  nu^hoils  of  iiieasnrin,!;  the  degree  of  hydrolysis  of  dissolved 
salts  have  been  proposed  from  time  to  time;  e.  g.,  the  measureineut  of  the 
rate  at  whieh  the  solution  saponifies  an  ester,  such  as  ethyl  acetate ;  the 
rate  of  hydration  of  milk  sugar;  and  the  measurement  of  the  partial  pr^'S- 
sure  of  ammonia  gas  over  solutions  of  its  hydrolysed  salts  ;  but  none  of 
these  methods  is  precise,  and  even  under  the  most  favorable  conditions, 
they  are  far  from  satisfactory.  The  first  is  based  upon  the  bold  assmup- 
tion  that  the  rate  of  saponification  is  proportional  to  the  concentration  of  the 
hydroxyl  ions,  and  that  it  is  unaffeced  by  the  presence  of  other  molecular 
aggregates;  the  second  method  iuAolves  a  similar  assumption;  while  the 
last  is  of  little  if  any  ])ractic-al  value,  owing  to  experimental  difficulties. 

The  method  al)oiit  to  be  described  was  developed  in  the  course  of  an 
extended  research  on  the  dissociation  relations  of  Ortho  and  Pyro  Phos- 
phoric Acids  and  their  salts,  which  will  be  published  in  detail  elsewhere. 
It  is  sibiple  and  convenient,  and  should  be  capable  of  a  fairly  wide  appli- 
cation to  the  ammonium  salts  of  other  weak  acids ;  therefore  it  has  seemed 
sufficiently  interesting  to  justify  a  brief  description  at  this  time. 

When  an  aqueous  solution  of  ammonia  is  shaken  up  with  chloroform, 
the  ammonia  distributes  itself  between  the  two  uon-miscible  solvents,  and 
the  distribution  ratio  is  eonstaut  at  a  given  temperature.  Fortunately  this 
ratio  is  of  a  magnitude  which  makes  it  possible  to  determine  the  concen- 
tration of  the  ammonia  in  the  aqueous  solution  by  simply  titrating  a  meas- 
ured volume  of  the  chloroform  witli  which  the  solution  is  in  equilibrium. 
It  is  obvious  that  we  may  take  advantage  of  this  fact  to  determine  the  con- 
centration of  the  free  ammonia  in  a  solution  of  its  hydrolysed  salt,  and  thus 
determine  the  degree  of  hydrolysis.  It  is  free  from  assumptions  and  is  as 
direct  as  a  chemical  analysis  itself. 

But,  simple  in  principle  as  the  method  appears,  its  successful  applica- 
tion requires  attention  to  certain  experimental  details.  The  chief  difficulty 
arises  from  the  fact  that  the  ammoniacal  solutions  form  emulsions  with  the 
chloroform  layer  which  remain  turbid  even  after  standing  several  hours  in 
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the  thermostat.  Drops  of  the  aqueous  solution  of  variable  size  thus  remain 
suspended  in  the  chloroform  layer,  making  it  impossible  to  obtain  concord- 
ant results  when  different  samples  are  titrated.  Fortunately  this  diffi- 
culty may  be  easily  overcome  by  merely  rotating  the  solutions  in  glass- 
stoppered  bottles  in  the  thermostat.  For  this  purpose  the  bottles  are  fast- 
euted  to  the  axle  of  the  rotary  stirrer  of  the  thermostat  after  the  familiar 
method  of  making  solubility  measurements,  and  allowed  to  rotate  several 
hours  (one  to  three),  when  the  two  phases  invariably  separate  perfectly 
clear,  with  a  sharply  defined  bounding  surface.  In  order  to  establish  the 
equilibrium  between  the  solMtion  of  the  hydrolysed  salt  and  the  chloroform, 
the  latter  is  vigorously  shaken  with  the  aqueous  solution  in  a  stoppered  sep- 
aratory  funnel.  The  phases  are  allowed  to  separate,  after  which  the  water 
layer  is  removed  as  completely  as  practicable,  and  another  portion  of  the 
solution  is  added.  This  process  is  repeated  until  three  portions  have  been 
shaken  up  with  the  chloroform ;  a  fourth  portion  is  then  rotated  with  the 
chloroform,  at  a  constant  temperature,  as  described  above.  It  is  important 
to  remove  the  sample  of  chloroform  for  titration  without  contamination  by 
any  of  the  aqueous  solution.  This  may  be  easily  done  by  means  of  a 
syphon.  The  short  limb  of  the  glass  tube  is  sealed  in  the  flame,  and  a 
small  thin  bulb  blown  on  the  end.  It  may  then  be  passed,  closed,  through 
the  aqueous  layer,  and  opened  by  breaking  against  the  bottom  of  the  bottle. 
The  chloroform  is  syphoned  into  a  clean,  dry,  vessel,  measured,  and  titrated 
with  0.02  Normal  hydrochloric,  or  nitric,  acid,  using  methyl  orange  as  in- 
dicator. Enough  pure  water  should  be  added  to  make  a  layer  of  convenient 
depth  to  view  the  color  of  the  indicator ;  since  the  latter  does  not  enter  the 
chloroform,  and  the  stoppered  vessel  should  be  vigorously  shaken  at  in- 
tervals during  the  titration. 

The  distribution  coefficient  of  ammonia  between  chloroform  and  water 
was  measured,  at  18°,  at  concentrations  0.1,  0.05,  and  0.02  Normal,  and  the 
mean  of  eight  measurements  gave  27.36.  This  is  the  ratio  of  the  concen- 
tration of  the  uudissociated  ammonia  in  the  aqueous  solution  to  the  con- 
centration of  the  ammonia  in  the  chloroform. 

The  method  was  applied  to  the  measurement  of  the  degree  of  hy- 
drolysis of  NaoNH,P04,  at  18°,  and  concentrations  0.1,  0.0.5,  and  0.02  molal, 
with  the  following  results : 


10.1 

Cone.  Molts,  per  Litre.  Per  Cent.  Hydrolysis. 
0.1  95.39 

0.05  95.44 

0.02  95.65 

That  is,  in  a  solution  of  NaoNH^POi,  at  the  above  concentration,  only 
5  per  cent,  of  the  ammonia  is  chemically  combined.  When  the  hydrolysis 
is  large  the  method  is  accurate,  and  even  when  it  is  small  the  results  are 
good,  as  shown  by  the  following  values  for  the  salt  NaNHiHPOi : 

Cone.  Mols.  per  Litre.  Per  Cent.  Hi/flrolijsis. 

0.1  2.98 

2.92 

2.98 

0.05  3.02 

3.13 
3.02 
2.90 

Mean,  3.0 

These  values  are  corrected  for  the  ionization  of  the  ammonia  at  the 
difteront  concentrations. 
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The  Ionization  of  the  Successive  Hydrogens  of  Ortho- 
phosphoric  Acid. 


George  A.  Abbott. 


Tlie  dissociation  ivlatioiis  of  iwlybasio  acids  are  at  present  imperfectly 
understood.  Owing  to  tlie  natui'al  coniiilexity  of  tlie  compounds  and  the 
experimental  difficulties  due  to  hyrolysis,  hydration,  and  possibly  asso- 
ciation in  solution,  few  investigators  have  attempted  to  determine  the  dis- 
sociation constants  of  the  diffei'ent  hydrogens  of  these  acids ;  but  the  re- 
cent development  of  physico-chemical  methods  of  investigating  the  nature 
of  dissolved  substances  has  made  the  solution  of  such  problems  appear  en- 
tirely practicable.  Therefore  an  extended  investigation  was  undertaken, 
at  the  suggestion  of  Prof.  A.  A.  Noyos,  in  the  hope  that  an  exhaustive  study 
of  the  dissociation  relations  of  the  phosphoric  acids  might  contribute  to- 
ward a  better  understanding  of  their  chemical  behavior  in  inorganic  re- 
actions. 'J  his  investigation  \^as  conducted  in  the  Research  Laboratory  of 
Physical  Chemistry  of  the  Mass.  Inst,  of  Technology. 

In  this  paper  I  shall  attempt  to  present  briefly  only  a  few  results,  in 
the  hope  that  they  may  i)rove  sufficiently  interesting  to  justify  their  presen- 
tation. The  method  of  measuring  hydrolysis  described  in  the  previous  pa- 
per gives  us  at  once  a  reliable  means  of  determining  the  dissociation 
constants  of  weak  acids.  When  both  acid  and  base  are  weak  (slightly  dis- 
sociated), the   following  relation   holds: 

h2      „  Kw 


(1  — h)         KaKb 

in  which  /;  denotes  the  degree  of  hydrolysis  of  the  salt,  and  Kw,  Ka  and 
Kb  are  the  dissociation  constants  of  water,  the  acid  and  the  base,  respect- 
ively. They  are  defined  by  the  following  expressions  of  the  Mass  Action 
Law : 

Kw  =  Ch  X  Ooi 

Ka=-  Ch  X  Oa. 

Cha 

Kb  =  Cb  a  Cqh 
Oboh 
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The  dissociation  constants  of  the  successive  liydrogens  of  Ortliopbos- 
phoric  Acid  will  be  designated  K,.  K,  and  K,.  They  are  defined  by  the 
Mass  Action  equations : 

Ki  =  H  X  H,  PO, 
H3  PO, 

K2  =  H  X  HPOt 

H,PO:f 

K3  z=  H  X  POf 
HPO^ 

'i:bey  will  be  considered  in  inverse  order. 

K:!  may  be  determined  by  snl)stituting  the  value  of  h,  obtained  by  the 
l»artitiou  method,  in  the  hydrolysis  c<iuation. 

h  =  .95. 

Kw  =  8  X  10"^ '^  (mols.  per  litre). 
Kb  =  1  72  X  10'. 

(.95)^         _         50X10^' 

(1.  —  .95)  ^ ~  (Kg)  (1.72X10^ ' )  whence, 
K3  =  6.48  X  10'=*  (mols.  per  litre). 

Ki  was  also  determined  by  an  utterly  independent  method  based  upon 
the  measuremeut  of  the  increas^e  of  electrical  conductivity  produced  on 
adding  to  solutions  of  Na.UPOi,  varying  amounts  of  ammonia.  Time  will 
not  permit  a  desci'iptiou  of  the  method  and  calculations  which  are  some- 
what complicated,  but  the  values  obtained  at  different  concentrations 
agreed  remarkabl.\-  well  with  the  above  value. 

In  like  manner  K..  may  be  calculated  from  the  hydrolysis  of  NaNlI^ 
HPO,.  The  value  obtained  by  substitution  in  the  above  equation  is  K„  = 
3.9  X  .10 — '.  but  this  calcuhitiou  fails  to  take  into  account  the  influence  of 
the  unionized  substances  in  the  solution. 

The  correction  involves  merely  the  application  of  the  Mass  Action  Law, 
and  the  principle  that,  in  irruixture  of  salts  with  a  common  ion  each  salt 
has  the  same  degree  of  ionization  as  if  it  were  present  alone  at  a  concen- 
tration e<iual  to  the  siun  of  the  concentration  of  the  two  salts.  However, 
the  algebra  involved  is  not  particularly  entertaining,  and  it  will  perhaps  be 
sufhcient  to  give  the  mean  corrected  value  of  K.=2.09  x  10 — '.  It  is  then 
seen  that  the  correction  Is  large.  The  value  of  Kg,  when  corrected  for  the 
influence  of  unionized  substances  becomes  K3=5.55  x  10 — ". 

The  hydrolysis  of  the  salt  NH^HPOj  is  too  small  to  be  measured  by  the 
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partition  method,  for  the  ionization  of  the  first  hydrogen  of  Orthophos- 
phoric  Acid  is  fairly  large.  It  does  not  accurately  obey  the  Mass  Action 
Law :  hence  K^  has  no  defi  . ite  meaning.  However,  the  degree  of  disso- 
ciation was  determined  from  the  values  of  the  electrical  conductivity  of  the 
acid  and  its  salts,  and  other  known  data,  and  the  following  values  were  ob- 
tained, at  18°C : 

Cone.  Mols.  per  Litre.  Dej/ree  of  Ionization. 
0.1  0.286 

0.05  .364 

0.01  .602 

0.002  .839 

0.0002  .965 


Ostwald's  Dilution  Law  requires  that 

Cr2   _ 
l—r~ 


Ki 


wherein  C  represents  the  concentration  and  r  the  degree  of  ionization. 
Substituting  the  values  of  r  we  obtain,  for  the  values  of  Ki  at  the  different 
concentrations : 

Coneentration.  K. 

0.1  0.0114 

.05  .0104 

.01  .0091 

.002  .0087 

.0002  .0053 

and  it  is  seen  that  the  deviation  from  the  law  is  marked. 

A  comparison  of  the  ionization  constants  of  phosphoric  acid  with  those 
of  some  other  acids  is  interesting. 

KXlQi" 
Acetic  Acid,  C2H3O2  —  H  180,000. 

Carbonic.  HOO3  —  H  3,040. 

Hydrosulphuric,  HS  —  H  670. 

Boric,  H.BOg  —  H  17. 

»Phenol,  C.HjO  —  H  1.3 

Phosphoric  Acid,  K,  =  H.PO^  —  H  100,000,000.  (Approx.). 

"       K2  =  HPO'^4— H  2,090. 

"       K,  =PCM— H  0.00555 


♦These  values  are  taken  from  Walker,  "Zeit  Phys.  Chein."  S2, 137, 1900. 
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The  first  hydrogen  of  ortho  phosphoric  acid  behaves  in  a  manner  an- 
alogous to  that  of  the  strong  acids ;  the  second  to  that  of  a  weali  acid  in- 
termediate between  carbonic  and  hydrosulphuric ;  while  the  third  is  even 
weaker  than  phenol.  'Phis  accounts  for  the  well-known  behavior  of  the 
acid  toward  indicators. 
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Coefficient  of  Expansion  of  Brick. 


C.  V.   Sea  STONE. 


Inasmuch  as  brick  is  used  extensively  as  a  building  material  in  differ- 
ent ways  and  in  different  types  of  construction,  and  also  beacuse  it  is  used 
to  a  large  extent  as  a  paving  material,  a  knowledge  of  its  physical  proper- 
ties is  of  value.  With  a  view  to  increasing  this  knowledge  a  series  of  ex- 
periments were  made  at  Purdue  University  to  determine  the  coefficient  of 
exjiansion  of  different  grades  of  l)rick.  It  is  the  purpose  of  this  paper  to 
give  the  results  of  these  experiments.* 

The  method  used  to  determine  the  coefficient  was  to  subject  a  bar  of 
steel  whose  coefficient  of  expansion  was  l^nown,  and  the  specimen  of  brick, 
to  identical  changes  of  temperature.  The  difference  of  expansion  was 
measured  by  the  principal  of  the  optical  lever.  This  difference  reduced  to 
unit  length  and  unit  temperature  gave  a  correction  to  apply  to  the  coef- 
ficient of  the  metal  bar. 

The  ai)j>aratus  used  for  these  experiments  was  designed  by  Professor 
W.  D.  Pence,  fox'mer  Professor  of  Civil  Engineering  at  Purdue  University, 
and  used  by  him  to  determine  the  coefficient  of  expansion  of  concrete.  It 
consists  of,  first,  the  specimen  to  be  tested ;  second,  the  bar  of  steel  of 
known  coefficient;  third,  a  heating  apparatus,  consisting  of  a  double-walled 
steam  jacket  through  which  the  mirror  of  the  optical  lever  could  be  seen ; 
fourth,  a  rod  in  the  opposite  side  of  the  room,  whose  image,  reflected  in  the 
mirror,  was  read  by  means  of  an  engineer's  level.  The  thermometer  is 
hung  inside  the  heater  and  is  read  through  the  glass  door  by  the  aid  of  an 
incandescent  lamp  suspended  alongside  of  it.  The  lamp  is  turned  on  only 
for  an  instant  in  order  not  to  aft"ect  the  reading  of  the  thermometer.  Both 
the  level  and  the  steam  jacket  were  mounted  upon  a  concrete  foundation. 
The  arrangement  of  the  nppai-atus  and  the  method  of  conducting  the  ex- 
periment will  be  easily  understood  from  the  figure. 


'''The  experiments  were  conducted,  under  the  writer's  direction,  by  W.  J.  Burton  and 
C.  W.  Wilson  (1902-190:5),  and  by  G.  W.  Case  and  G.  C.  Curtiss  (1904-1905),  as  thesis  work  in 
the  School  of  Civil  Engineering,  Purdue  University. 
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Three  qualities  of  brick  were  used.  First,  a  good  quality  of  No.  1 
paving  brick  ;  second,  a  medium  quality  of  No.  2  paving  brick ;  third,  a 
soft  quality  of  ordinary  building  brick.  The  brick  were  approximately 
2"x4"xS"  in  dimension  and  were  cemented  together  in  order  to  obtain  the 
specimen  of  desired  length. 

Following  is  the  mean  value  obtained  for  each  of  the  above  qualities  of 
I)rick : 

No.  1  brick  (hard)  Coefficient  of  Expansion  per  degree  F  =  .00000401. 

No.  2  brick  (medium).  Coefficient  of  Expansion  per  degree  F  = 
.00000401. 

No.  3  brick  (soft).  Coefficient  of  Expansion  per  degree  F  =  .00000393. 

It  will  be  noted  that  the  hardness  of  the  brick  has  little  to  do  with  the 
amount  of  expansion,  the  three  qualities  giving  essentially  the  same  values. 
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Contributions  to  the  Knowledge  of  Vehicle  Woods. 


W.  K.  Hatt. 


It  is  admitted  by  both  the  forester  and  the  manufacturer  of  vehicle? 
that  the  supplies  of  hickory  and  lilce  woods  used  in  vehicle  construction  are 
becoming  scarce.  The  quality  is  poorer  and  the  price  is  higher  each  suc- 
ceeding year.  Indeed,  the  condition  with  respect  to  the  supply  of  vehicle 
woods  may  be  said  to  have  become  acute,  and  the  various  trade  organiza- 
tions have  become  aroused  to  such  an  extent  that  meetings  have  been  held 
to  discuss  meanfj  of  increasing  the  sources  of  supply  and  economizing  on  the 
construction. 

Three  ways  ni  general  are  open : 

First,  an  endeavor  jnay  be  made  to  determine  the  availability  of  new 
species  as  substitutes  for  such  woods  as  hickory  and  white  oak. 

Second,  planting  operations  might  be  made  a  success. 

Third,  a  more  economical  use  may  be  made  of  the  timber  supplies  now 
entering  the  mills  for  manufacture  into  wagon  parts. 

The  present  paper  discusses  lines  of  effort  in  the  substitution  of  new 
and  untried  species,  and  in  improving  rules  of  grading  in  the  mills  so  that 
excellent  material,  fully  available  for  service,  may  not  be  thrown  out,  as  is 
the  case  now,  by  incorrect  rules  of  grading. 

The  Forest  Service,  United  States  Department  of  Agriculture,  and  the 
Purdue  University  Laboratory  have  for  some  years  co-operated  in  the  es- 
tablishment of  a  timber  testing  station  in  the  Laboratory  for  Testing  Ma- 
terials of  Purdue  University,  at  which  studies  have  been  made  to  determine 
the  essential  jnechanical  properties  of  various  species  of  wood,  and  what 
effect  various  factors  have  upon  these  properties.  Other  studies  to  deter- 
mine the  correctness  of  the  rules  of  grading  for  vehicle  parts,  and  to  ex- 
amine into  the  merits  of  different  designs  of  such  parts  as  wagon  axles, 
and  to  investigate  the  properties  of  possil)le  substitutes,  have  a  direct  ap- 
plication to  an  importaiit  industry  of  the  State.  This  Laboratory  at  Pur- 
due University  is  one  of  a  series  of  laboratories  operated  by  the  Forest 
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Service  at  such  institutions  as  tlie  Yale  Forest  School,  and  the  Universities 
of  California.  Oregon  and  Washington.  The  writer  of  this  paper  has  been 
in  charge  of  this  woric  since  is  inception  in  the  year  1903. 

SUBSniHTtON    OF   NEW    SPEC^IES. 

The  practice  of  substituting  clieaper  and  wealcer  species  for  others 
which  have  become  scarce  and  high  priced  has  been  increasing  for  some 
time.  For  instance,  longleat"  pine  harvester  poles  have  come  into  use  in 
place  of  oak  poles,  and  those  parts  of  ^'ehicles  not  bearing  a  great  strain 
are  now  made  of  weaker  woods.  The  successful  introduction  of  species 
which  are  quite  proper  for  tlie  service  is  generally  retarded  by  prejudice. 
Consumers  have  demanded  certain  species  regardless  of  their  actual  fitness, 
and  irrespective  of  the  fact  that  other  and  cheaper  woods  might  answer  the 
purpose  equally  well.  For  instance,  both  poplar  and  red  gum,  which  are 
now  held  in  such  high  estimation,  have  both  had  to  fight  their  way  for  a 
place  on  the  market  for  such  parts  as  wagon  box  boards. 

It  may  be  stated  at  tlie  outset  that  there  is  probably  none  of  our  east- 
ern species  tliat  can  replace  hickory  for  strength  and  general  sliock-resist- 
ing  properties  and  permanence  of  shape  after  it  is  bent.  The  lines  of  en- 
deavor must  be  to  use  hickory  in  only  such  parts  of  the  wagon  where  great 
shock-resisting  properties  are  required,  and  to  correct  the  rules  of  grading 
so  that  minor  defects  which  do  not  aitiect  the  strength  of  the  wagon  are  not 
allowed  to  operate  to  throw  a  suitable  piece  of  hickory  out  of  use.  A  re- 
cent study  of  the  properties  of  the  eucalypts  in  California  by  the  Forest 
Service  seems  to  point  to  the  value  of  some  of  these  species  for  use  in 
wagon  construction.  LTie  blue  gum  (Eucalyptus  globulus)  is  the  most  com- 
mon species  in  California,  and  has  competed  with  black  locust  for  insulator 
pins,  and  has  given  satisfactory  service  in  chisel  and  hammer  handles,  and 
has  been  used  locally  for  wagon  tongues,  axles,  shafts,  spokes,  hubs  and 
felloes  in  California.  The  wood  is  hard,  strong  and  tough,  and  grows  very 
fast.  In  bending  the  modulus  of  rupture  is  23,000  pounds  per  square  inch 
for  seasoned  lumber,  about  equivalent  to  second-growth  hickory.  This 
eucalypts  seems  to  be  the  most  ]iromising  species  upon  which  to  draw  for 
products  requiring  great  strength,  toughness  and  hardness. 

GRADING  RULES. 

An  instance  of  the  method  of  attack  to  determine  the  correctness  of 
the  grading  is  in  the  case  of  hickory  wagon  spokes,  which  are  now  graded 
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into  six  divisions :  A,  B,  (J,  T>,  E  and  Culls.  Five  hundred  spokes  were 
procured  from  the  Bannister  Wheel  Company  of  Muncie,  Ind.,  and  were 
tested  under  a  direct  load  as  shown  in  the  diagram,  and  the  maximum  load, 
together  with  the  amount  of  bending  sidewise  before  fracture  was  noted. 
This  combination  of  maxinunn  load  and  amount  of  side  bending  gives  a 
factor  which  represents  toughness  and  shock-resisting  capacity.  The  re- 
sults from  the  spoke  tests  sliow  more  than  50  per  cent,  error  in  the  present 
grading  system,  which  is  largely  due  to  the  traditional  prejudice  and  con- 
sequent discrimination  against  red  hickory.  No  red  spokes  are  now  al- 
lowed in  the  A  and  B  grades,  yet  these  tests  show  that  a  large  proportion 
of  the  red  spokes  now  included  in  the  lower  grades  should  be,  because  of 
their  strength  and  toughness,  included  in  the  highest  gi'ades.  It  appears, 
also,  that  weight  tor  weight,  tlie  red  spokes  and  the  mixed  red  and  white 
spokes,  are  f'uliy  as  strong  as  the  entirely  white  spokes.  These  tests  will 
be  supplemented  by  tests  011  various  hickory  bugg.y  shafts  containing  typical 
defects.  Such  tests  have  an  interest  not  only  to  the  genral  public,  in  that 
a  drain  on  a  limited  class  of  material  is  somewhat  decreased,  but  they  have 
an  interest  also  to  the  gi'ower  of  timber,  because  they  increase  the  market 
value  of  a  considerable  ])ortioii  of  the  product  of  the  forests. 

Tests  have  also  lieen  made  on  a  number  of  wagon  axles.  Various 
species  of  woods,  not  only  from  the  western  forests,  but  from  eastern 
forests,  have  been  made  up  into  axles  at  a  mill  and  have  been  submitted 
to  the  laboratory  for  test.  At  the  present  time  the  series  is  complete  upon 
hickoi'y  and  ma])le  axles  01  three  difTerent  designs,  and  the  method  of  at- 
tacking the  problem  and  of  determining  the  fjualities  of  the  axles  by  actual 
test  will  be  of  interest  from  a  scientific  standpoint.  (Referring  to  the 
photograph  of  an  axle  under  test,  the  method  of  loading  and  measuring 
and  the  behavior  of  the  axle  is  shown  in  detail,  and  the  various  quantities 
entering  into  an  estimation  of  the  value  of  the  axle  are  explained.) 

Another  example  is  in  a  series  of  tests  to  determine  the  proper  gi-ad- 
ing  of  pine  harvester  poles.  A  large  part  of  this  material  is  shipped  up 
from  the  south  to  such  markets  as  Chicago,  and  is  there  graded  by  the 
manufacturers,  the  defective  material  being  thrown  out  at  a  loss  to  the 
shipper,  not  only  of  the  cost  of  the  material,  but  of  the  freight.  It  becomes 
important,  therefore,  to  know  whether  the  poles  thrown  out  might  be  used. 
Poles  containing  different  classes  of  defects  were  tested,  and  it  was  found 
that  at  the  present  time  there  is  an  unjustifiable  prejudice  against  the  use 
of  poles  containing  a  considerable  per  cent,  of  sapwood. 
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Auotlicr  scries  of  tests  on  the  relative  streii^tli  of  oak  and  yellow  pine 
wagon  poles  is  of  interest,  not  only  for  the  method  of  loading  and  measur- 
ing the  quality  of  the  pole,  but  from  the  light  it  throws  on  the  essential 
difference  l)t>tween  products  from  such  woods  as  oak  and  such  woods  as 
yellow  pine.  ( Referring  to  the  diagram,  the  method  of  loading  and  meas- 
uring the  various  elements  of  the  test  were  shown.  The  general  results  of 
the  investigation  are  also  shown  by  the  diagram  and  table,  from  which  it 
appears  that  while  longleaf  pine  poles  are  as  strong  and  elastic  as  the  oak 
poles,  yet  they  lack  the  toughness,  and  the  effect  of  a  cross  grain  is  much 
more  serious  than  in  the  case  of  oak.) 

Ihese  various  instances  are  brought  forward  to  show  the  method  of 
attack  and  scientific  care  in  aiding  the  solution  of  a  large  commercial 
problem  of  this  kind.  The  results  of  these  tests  will  appear  in  a  publica- 
tion by  the  Forest  Service. 
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Notes    Upon  the  Rate  of  Tree  Growth  in  Glacial   Soils  in 
Northern  Indiana. 


Stanley  Coulter. 


The  clearing  of  certain  small  timber  areas  near  Lafayette  in  January 
and  February,  1906,  gave  an  exceptional  opportunity  for  studying  the  rate 
of  growth  of  certain  native  species  of  trees.  The  species  occurring  in  suf- 
ficient number  to  vi^arrant  deductions  were  the  white  oak,  red  oak  and 
black  walnut.  Of  the  red  oak  forty -nine  trees  were  examined ;  of  the  white 
oak,  sixty,  and  of  the  black  walnut,  thirty-two.  It  was  assumed  that  the 
annual  rings  gave  a  fair  indication  of  the  age,  despite  the  occasional  forma- 
tion of  two  rings  in  a  single  year,  or  the  apparent  suppression  of  an  annual 
ring  because  of  exceptionally  unfavorable  conditions,  which  were  recog- 
nized as  possible  contingencies.  In  the  forms  examined  neither  of  these 
conditions  were  indicated,  the  growth  in  each  case  having  apparently  pro- 
ceeded in  an  orderly  and  orthodox  fashion. 

The  measurements  are  the  averages  of  the  longest  and  shortest  diam- 
eters and  were  taken  inside  of  the  bark.  Both  the  measurements  and  the 
counting  of  the  rings  were  made  by  four  groups  of  students,  insistence  being 
placed  upon  accuracy.  In  cases  of  discrepancy  a  recount  or  remeasurement, 
or  in  some  cases  both-,  was  directed.  The  tables,  therefore,  may  be  con- 
sidered as  exceptionally  accurate,  each  specimen  having  been  independently 
studied  by  four  groups  working  on  different  days. 

The  oaks,  with  but  few  exceptions,  occurred  on  the  highest  levels,  just 
northwest  of  Purdue  University.  The  general  surface  is  rolling,  with  a 
southeastern  exposure,  more  or  less  interrui)ted  by  ravines  formed  by  small 
streams.     Approximately  the  topographical  conditions  were  the  same. 

The  soil  in  the  area  under  consideration  is  relatively  thin.  It  consists 
of  a  few  inches  of  humus  made  up  of  the  usual  forest  material ;  a  few 
inches  (8-12)  of  a  loam  soil  more  or  less  alluvial  in  character,  followed  by 
perhaps  a  foot  of  fairly  heavy  clay.  Underlying  this  is  the  glacial  drift, 
extending  downward  from  one  hundred  and  ten  to  one  hundred  and  twenty 
feet  to  the  bed  of  the  river.     The  drift  in  this  region  is  mainly  sand  and 
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gravel,  with  :i  few  thin  seams  of  light  clay  at  various  levels.  Throughout 
the  area  from  which  the  oalis  were  cut,  the  soil  overlying  the  drift  ma- 
terial ranges  from  eight  to  twentj^-three  inches  in  thickness.  So  far  as  the 
physical  and  chemical  composition  of  the  soil  is  concerned  we  have  prac- 
tically identical  conditions  over  the  entire  area. 

The  black  walnut  was  cut  for  the  most  part  in  an  area  lying  in  the 
second  river  terrace,  where,  in  addition  to  the  forest  humus,  there  occurs 
from  three  to  five  feet  of  alluvial  soil  before  the  clay  is  struck.  The  clay 
also  in  this  area  is  perhaps  twice  as  thick  as  in  the  former  case.  The  ter- 
race has  an  eastern  exposure,  while  the  curves  of  the  river  protect  the  par- 
ticular tract  in  question  from  the  north  winds,  but  leave  it  open  to  winds 
from  the  south.  Upon  the  west  it  is  protected  by  the  escarpment  of  the 
upper  terrace.  The  area  covers  but  a  few  acres  and  evidently  furnishes 
as  uniform  conditions  as  can  be  found  in  nature.  The  two  tracts  present, 
however,  fairly  distinct  conditions,  a  fact  which  should  be  borne  in  mind  in 
any  comparison  of  the  rate  of  growth. 

The  measurements  of  the  diiferent  species  are  given  in  tabular  form  as 
furnishing  in  the  main  the  data  for  the  deductions  drawn  later  in  this 
paper.  Possible  occasional  errors  may  occur  in  the  computation  of  per- 
centages in  spite  of  the  fact  that  the  figures  have  been  reviewed  three 
times. 

From  the  tables  it  is  shown  that  in  the  area  indicated  and  under  the 
conditions  outlined  the  average  yearly  increase  in  white  oak,  based  upon 
sixty  specimens,  was  .1995  of  an  inch ;  of  red  oak,  based  upon  forty-nine 
specimens,  was  .22674  of  an  inch ;  of  black  walnut,  based  upon  thirty-two 
specimens,  was  .27712  of  an  inch. 

A  number  of  interesting  inferences  seem  plain. 

1.  There  is  a  wide  range  in  the  growth  rate  in  trees  of  the  same 
species,  even  when  growing  under  the  same  conditions.  Thus  the  range  in 
w^hite  oak  is  from  .095  to  .328  of  an  inch ;  in  red  oak,  from  .134  to  .515  of 
an  inch ;  in  black  walnut,  from  .19.5  to  .358  of  an  inch.  Such  wide  range 
under  conditions  so  nearly  identical  must  be  referred  to  individual  idiosyn- 
cracies,  probably  referable  in  most  cases  to  the  vigor  of  the  acorn,  to  the 
character  of  the  tree  from  which  the  acorn  was  derived,  to  inherited  growth 
tendencies  or  similar  causes.  An  examination  of  the  table  of  trees  of  simi- 
lar age  in  respect  to  their  diameters  will  show  clearly  this  "personal  equa- 
tion" of  the  tree.     For  example,  in  Table  II,  numbers  38  to  45,  inclusive. 
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Table  I.    Quercus  alba. 


Serial  Number. 

Inches 
Diameter. 

No.  of  An. 
Rings. 

Average 

Yearly 

Increase. 

1 • 

32 
11 
11 
16 

22 

13 

19 

17 

15.5 

17 

17 

17 

16.5 

15 

13 

12.5 

15 

15.5 

13.5 

21.5 

16 
20 
13 
19 
19 

47 
9 
12 
16 
17 

15 
24 
12 
12 
50 

28 
28 
31 
26 
30 

18.5 

18.5 

25 

14 

13.5 

20 

16 

20.5 

13.5 

15.5 

14.5 

13 

13 

17 

41 

15.5 

17 

17 

17.5 

16.5 

200 
68 
74 
76 

78 

66 
60 
74 
74 
76 

79 

77 
74 
75 

77 

75 

77 
77 
78 
80 

79 

77 
77 
77 
75 

303 
63 
73 
78 
89 

78 

252 

75 

75 

243 

•    185 
180 
222 
232 
230 

72 
77 
76 
73 

77 

77 
79 
81 
76 
78 

73 
76 
76 
75 
208 

80 
76 

79 
78 
78 

.160 

2 

.162 

3 

.149 

4 

.210 

5 

.282 

6 

.196 

7 

317 

8 

.230 

9 

209 

10 

.223 

11 

.215 

12 

.220 

13 

.223 

14      

.200 

15   

.170 

16  

.166 

17 

.195 

18 

.201 

19 

.173 

20 

.269 

21 

.202 

22 

.260 

23 

.169 

24 

.247 

25    

.253 

26  

.155 

27  

.143 

28 

.164 

29 

.205 

30 

.191 

31 

.192 

32 

.095 

33 

.160 

34 

.160 

35 

.206 

36    

.151 

37   

.155 

38 

.140 

39  

.112 

40  

.130 

41 

.257 

42 

.240 

43 

.328 

44 

.191 

45 

.175 

46                

.261 

47    

.202 

48    

.253 

49 

.177 

50 

.200 

51 

.200 

52 

.171 

53 

.171 

54 

.226 

55    

.197 

56  

.194 

57 

.223 

58 

.215 

59 

.223 

60 

.211 

Table  II.    Quercus  rubra. 
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Serial  Number. 

Inches 
Diameter. 

No.  of  An. 
Rings. 

Average 

Yearly 

Increase. 

1 

20 
15 
14 
15 
14.5 

24 
22 
22 
20 
19 

16.5 
15 
17 
15 
9.5 

15 

23 

14.5 

12 

15.5 

14.5 

15.5 

13.5 

13 

11.5 

15 

14.5 

16 

22.5 

16 

14.5 

24 

20 

22 

20 

22 

33 

22 

18.5 

20 

19 
15 
17 
15 
16.5 

13.5 
11 
23 
18.5 

76 

78 
77 
77 
75 

77 
78 
83 
82 
82 

82 
82 
82 
82 
76 

80 
73 
77 
87 
115 

76 
90 
78 
71 

74 

63 
76 
73 
81 
70 

72 
88 
64 
79 
71 

71 
64 
82 
82 

82 

82 
82 
82 
82 

82 

61 
60 
73 
82 

263 

2 

.192 

3 

.182 

4 

193 

5 

193 

6 

.311 

7 

282 

8  

265 

9 

244 

10 

231 

11 

201 

12 

183 

13 

207 

14 

.183 

15 

.125 

16 

187 

17 .' . . . 

315 

18 

.188 

19 

.138 

20 

134 

21 

190 

22 

172 

23 

.173 

24 

.183 

25 

155 

26 

238 

27 

190 

28 

.219 

29 

.277 

30 

228 

• 

31 

.201 

32 

.272 

33 

.312 

34 

278 

35 

281 

36 

310 

37 

.515 

38 

.268 

39 

.225 

40 

243 

41 

.231 

42 

.182 

43 

.207 

44 

.182 

45 

201 

46 

.221 

47 

.183 

48 

.315 

49 

225 
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Table  III.    Juglans  nigra. 


Serial  Number. 

Inches 
Diameter. 

No.  of  An. 
Rings. 

Average 
Yearly 
Increase. 

1  

25 
14 
15 
19 
18 

21 
19 
20 
18 
20 

14 

15.5 

21.5 

21 

22.5 

20 

24 

15 

22.5 

18 

19 
20 
20 

24 

17 
16 
23 
23 

22 
22 
19 
20 

82 
64 
77 
73 
67 

81 
58 
64 
76 

74 

52 

68 
64 
72 
71 

66 
67 
45 
88 
74 

76 
70 
78 
80 

63 
60 
74 
80 

77 
83 
79 
75- 

.305 

2 

.219 

3:::::::;:::.:::::: 

.195 

4 

.260 

5 

.270 

6 

.260 

7 

.327 

8 

.312 

9 

.237 

10 

.270 

11                 

.270 

12              

.228 

13           

.336 

14 

.291 

15 

.317 

16 

.303 

17 

.358 

18 

.333 

.255 

20.. 

.243 

21  .             

.250 

22  .           

.285 

23 

.256 

24 

.300 

25 

.270 

26 

.266 

27 

.311 

28 

.287 

29 

.285 

30               .      

.265 

31  .             

.240 

32  ...            

.266 

are  of  the  same  age  and  grew  on  a  gentle  northward-facing  slope  in  an  area 
of  less  than  an  acre,  yet  the  diameters  range  from  15  to  22  inches. 

2.  Conclusions  as  to  the  rate  of  growth  of  various  species,  which  fail 
to  take  into  account  individual  variations  are  manifestly  misleading.  This 
variation  may  reach  as  much  as  25  to  30  per  cent,  above  or  below  the  aver- 
age growth  rate.  Incidentally  it  gives  strong  emphasis  to  the  necessity  of 
great  cai'e  in  the  selection  of  seeds  for  cultural  work — since  a  careful  se- 
lection may  increase  the  wood  crop  to  the  extent  of  25  per  cent,  beyond  the 
average. 

3.  The  growtti  rate  in  the  area  examined  was  exceedingly  slow,  especi- 
ally in  the  case  of  the  oaks.  In  a  report  of  W.  F.  Fox,  Superintendent  of 
State  Forests,  New  York,  it  is  stated  that  a  vigorous  three-inch  white  oak 
sapling  would,  under  favorable  conditions,  at  the  end  of  twenty  years  at- 
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tain  a  diaiueter  of  eleven  inclies,  or  make  a  net  gain  of  eight  inches.  This 
would  give  an  average  yearly  incvoase  of  .4  of  an  inch,  which  is  considerably 
greater  than  the  highest  yearly  increase  in  any  of  the  sixty  specimens  ex- 
amined, or  .328  of  an  inch.  JMr.  Fox  also  states  that  a  three-inch  red  oak 
sapling  would,  in  twenty  years,  attain  a  iliameter  of  thirteen  inches,  thus 
making  a  net  gain  of  ten  inches.  This  gives  a  yearly  I'ate  of  .5  of  an  inch, 
or  more  than  double  the  average  yearly  rate  (. 22(574  of  an  inch)  of  the  forty- 
nine  specimens  examined.  It  is  true  that  specimen  37  shows  an  average 
yearly  growth  of  .515  of  an  inch,  but  the  next  is  .336  of  an  inch  and  only 
six  out  of  the  forty-nine  show  an  average  yearly  growth  in  excess  of  .3 
of  an  inch.  An  examination  of  a  number  of  white  and  red  oak  logs  at 
local  mills'  confirms  the  conclusion  that  the  growth  rate  in  the  area  studied 
is  exceedingly  slow. 

It  is  probable  that  the  cause  of  this  slow  growth  is  to  be  found  in 
relatively  thin  soil  underlaid  by  the  hundred  or  more  feet  of  drift.  The 
sand  and  gravel  of  the  drift  constitute  a  natural  filter  which  rapidly  car- 
ries the  soil  water  to  lower  levels.  The  thin  soil  and  the  stratiim  of  clay 
can  not  hold  sufficient  water  to  carry  the  trees  through  our  long  summer 
drought  and  at  the  same  time  furnish  a  large  amount  of  material  for 
growth.  Observation  of  the  trees  of  the  Purdue  campus  furnishes  confir- 
mation of  this  view.  The  soil  conditions  of  the  campus  are  practically  the 
same  as  in  the  area  studied.  The  older  trees  of  the  campus  were  set  out 
between  1875  and  1880,  and  were  largely  maples  and  elms  along  the  drive- 
ways, other  forms  being  scattered  through  the  grounds.  The  maples  and 
elms  are  in  suHicient  numbers  to  justify  a  few  generalizations.  The  trees 
show  an  early  period  of  rapid  growth,  a  period  of  slow  growth  and  finally  a 
practical  cessation  of  growth.  During  this  latter  period  the  trees  begin  to 
show  all  the  signs  of  what  might  be  called  senility.  In  the  early  years,  the 
roots  not  having  penetrated  deepl.v,  find  sufficient  available  moisture  in  the 
thin  soil  to  provide  for  the  maintenance  of  the  tree  and  its  normal  growth. 
A  little  later,  the  deeper  penetrating  roots  reaching  the  drift  find  but  little 
water,  so  little,  indeed,  that  under  the  most  favorable  conditions  provision 
can  be  made  for  only  a  slight  growth.  Still  later  the  increasing  demands 
of  the  tree  can  not  be  satisfied  and  it  begins  to  age,  and  we  have  the  case 
of  elms  and  maples  completing  their  life  cycle  in  twenty-five  or  thirty  years, 
attaining  in  the  meantime  a  diameter  of  from  ten  to  fifteen  inches.  The 
duration  of  life  upon  the  campus  is  much  less  that  in  forest  conditions,  be- 
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cause  of  the  absence  of  the  forest  floor  and  of  its  work  in  the  conservation 
of  moisture  and  the  enrichment  of  the  soil. 

4.  It  may  be  concluded  that  the  most  important  factor  in  the  growth 
of  trees  is  soil  moisture.  A  confirmation  of  this  may  be  found  in  the  con- 
ditions existing  in  areas  of  maximum  development  in  number  and  size. 
According  to  Sargent,  the  hardwoods  of  the  United  States  find  their  maxi- 
mum development  in  numbers  and  size  in  the  lower  stretches  of  the  Wabash 
Valley.  In  other  words,  in  a  region  in  which  the  soil  possesses  a  rich  water 
content. 

In  any  forecasts  as  to  the  results  of  reforestation,  or  as  to  the  rate  of 
tree  growth  in  any  given  locality  the  supreme  factor  to  be  considered  is  the 
constancy  of  the  water  content  of  the  soil. 

5.  In  the  case  of  the  oaks  an  examination  of  the  table  will  show  a 
period  of  rapid  growth,  a  period  of  slower  growth  and  finally  a  period  of 
scarcely  appreciable  increase.  In  the  case  of  the  walnut  the  growth  is 
much  more  uniform  throughout  the  life  of  the  tree.  These  are  conditions 
that  would  be  expected  if  conclusion  three  is  at  all  correct. 

6.  It  is  probable  that  red  and  white  oak  in  regions  such  as  the  one 
studied  have  reached  their  full  size  at  from  eighty  to  a  hundred  years,  after 
which  they  begin  to  deteriorate.  The  few  large  forms  introduced  in  the 
table  are  from  the  lowest  river  terrace  and  were  introduced  for  purposes  of 
comparison. 

7.  The  growth  habit  of  the  tr^e  seems  to  control  more  largely  than 
external  factors  of  growth.  In  a  group  of  trees  closely  grouped  the  ma- 
jority may  show  an  exceptionally  rapid  growth  in  a  given  year,  while  one 
or  two  show  but  a  small  increase.  That  this  might  be  due  to  insect  de- 
foliation or  other  causes  is  of  course  possible,  but  an  examination  of  the 
growth  through  a  series  of  years  show  a  habit  of  slow  growth  as  compared 
with  other  individuals,  whatever  may  be  the  external  conditions.  On  the 
other  hand,  individuals  showing  a  habit  of  rapid  growth  are  easily  recog- 
nized. No  observable  differences  in  the  proportion  of  spring  and  summer 
wood,  in  texture,  in  color  or  in  any  gross  characters  are  to  be  observed  in 
these  differing  forms.  Some  individuals  of  each  species  are  rapid  growers 
and  some  are  slow  growers,  whatever  may  be  the  origin  of  the  habit.  It 
was  impossible  to  determirie  whether  or  not  this  habit  could  be  determined 
by  external  features,  as  the  trunks  had  been  sent  to  the  saw  mill  before 
the  area  was  found. 

8.  The  conditions  of  the  area  described  are  fairly  typical  and  apply 
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to  a  large  part  of  the  glaciated  region  of  uortheru  and  northwestern  Indi- 
ana. Of  course  the  immediate  valleys  and  terraces  of  rivers  and  streams 
furnish  special  conditions  which  must  be  considered  as  exceptional.  It  is 
probable  that  any  extended  study  of  the  rate  of  growth  of  the  species  dis- 
cussed in  the  region  indicated  will  show  results  but  slightly  varying  from 
those  given  above. 

9.  It  is  lu'ol.ablo  that  undei-  soil  conditions  such  as  those  described, 
larger  forms  than  those  found  today  but  rarely  occurred.  A  careful  exam- 
ination over  wide  areas  foi"  old  stumps  of  the  virgin  forest,  showed  that 
all  of  the  large  forms  were  found  in  alluvial  soils  and  never  by  any  chance 
in  the  thin-soiled  uplands. 

These  studies  are  being  extended  to  include  many  of  our  native  species 
and  arrangements  have  been  made  to  increase  the  number  of  forms  studied 
of  the  species  discussed  in  this  paper. 

The  exact  knowledge  of  the  rate  of  growth  of  various  species  under 
differing  conditions  is  a  matter  of  vital  importance  from  the  viewpoint  of 
wood-lot  forestry.  It  is  scarcely  less  far  reaching  in  its  application  and  of 
scarcely  less  economic  signilicance  than  a  knowledge  of  forest  utilization. 
If  the  conclusions  here  presented  are  warranted  by  the  date  very  self-evi- 
dent practical  application  necessarily  follow.  These,  however,  are  not  in- 
cluded in  the  scope  of  this  paper,  but  will  be  presented  later. 
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The  Michillinda  (Michigan)  Sand  Dunes  and  Their  Flora. 


Stanley  Coulter. 


Nowhere  is  the  struggle  for  a  place  in  nature  by  plants  more  spectacular 
or  more  severe  thau  that  with  the  saud  dunes.  The  alignment  of  the  op- 
posing fox'ces  is  so  evident,  their  acti^■ity  is  so  ceaseless,  their  modes  of  at- 
tack so  varied  that  one  wonders  that  the  plants  ever  succeed  in  fixing  these 
restless  masses  of  sand.  After  the  classic  studies  of  Cowles  upon  the  Dune 
tlora  it  would  seem  that  little  remains  to  be  said,  but  to  the  botanist  accus- 
tomed to  the  placid  plant  life  of  mesophytic  regions  the  struggle  is  irresist- 
ibly fascinating  and,  as  a  rule,  he  is  unable  to  resist  the  temptation  of  a 
new  consideration  of  soine  phases  of  the  problem. 

The  region  studied  was  a  short  stretch  of  beach  dunes  on  the  east  shore 
of  Lake  Michigan  at  a  summer  resort  known  as  Michillinda,  about  twenty- 
five  miles  north  of  Muskegon.  That  the  region  is  exceptionally  favorable 
for  such  studies  is  evidenced  by  the  fact  that  it  is  the  place  chosen  by  Dr. 
Cowles  for  his  classes  when  considering  the  problems  presented  by  the 
dune  flora.  The  study  made  was  neither  systematic  nor  exhaustive;  it  was 
merely  a  part  of  a  I'est  of  three  weeks  after  a  summer  school  session.  No 
attempt  was  made  to  enumerate  the  constituent  members  of  the  flora  or  to 
work  out  all  of  the  factors  determining  the  success  or  failure  of  the  plant 
invaders.  The  paper,  therefore,  touches  only  the  more  evident  features  of 
the  problem  and  treats  even  these  in  the  line  of  suggestion  rather  than  ex- 
planation. 

The  plants  begin  their  struggle  on  what  Cowles  calls  the  middle  beach, 
a  region  beaten  by  the  winter  waves,  but  as  a  rule  dry  during  the  summer 
months.  The  struggle  here  is  almost  hopeless  and  on  the  open  stretches  of 
the  beach  the  plants  are  extremely  scattered.  In  the  shelter  of  the  drift 
logs  and  debris,  however,  they  are  more  numerous  and  may  maintain  a 
precarious  existence  for  some  months.  It  is  probably  the  area  of  greatest 
stress.  The  fierce  winter  storms  compel  an  absolute  renewal  of  the  struggle 
each  succeeding  year,  while  the  summer  winds  and  sun  make  it  possible 
for  only  such  plants  as  possess  the  most  marked  xerophytic  characters  to 
maintain  themselves.     A  severe  summer  storm  may  overwhelm  the  beach, 
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killing  all  forms  that  have  obtained  a  foothold,  and  the  struggle  must  begin 
all  over.  Such  a  storm  s\vej)t  the  Miohilliu'la  beach  for  almost  a  week  during 
the  past  suunner,  blotting  out  absolutely  the  middle  beach  fiora.  In  a  week, 
however,  the  brave  plants  began  to  show  themselves  again  and  to  renew 
the  apparently  hopeless  struggle.  The  most  notable  member  of  this  flora 
was  the  succulent  leaved  crucifer,  cakile  ciJviittila  (Bigel.)  Hook.  The 
adaptation  in  this  case  is  plainly  against  the  dessicating  action  of  wind  and 
sun.  The  plant  also  is  able  to  withstand,  to  a  certain  extent  at  least,  a 
sand  covering  of  considerable  thickness,  forcing  its  way  through  it  to  the 
surface  apparently  but  little  injured  by  its  temporary  burial.  Its  stubborn 
erectness  and  unyielding  rigidity  are  characters  "that  at  once  serve  to  dis- 
tinguish it  from  the  other  me]ubers  of  this  flora. 

More  numerous  uiion  this  stretch  of  beach  is  Cnphorhm  polygonifolia  L. 
This  j)rostrate  spurge  finds  its  protection  in  its  close  hugging  of  the  sands 
which  are  here  always  damp  at  a  slight  depth,  whatever  may  be  the  sun's 
heat.  A  covering  of  sand  does  not  seem  to  kill  it,  unless  it  is  several  inches 
thick,  new  shoots  emerging  fi*om  the  crown,  finding  their  way  to  the  surface 
in  a  few  days.  In  spite  of  these  two  species,  the  nnddle  beach  strikes  one 
as  practically  destitute  of  plants — and  the  wonder  grows  as  the  conditions 
are  studied  that  the  few  that  do  occur  have  found  even  a  temporary  lodg- 
ment. 

The  upper  beach  and  the  active  dune  region  present  a  much  more  varied 
and  consequently  much  more  interesting  flora.  The  opposing  forces  here 
are  the  fierce  rays  of  the  sun,  the  almost  constant  winds  and  the  shifting 
sands.  In  high  winds  the  mechanical  action  of  the  sands  is  very  great, 
often  completely  destroying  well-established  plants.  These  factors  have  led 
to  the  development  of  the  most  pronounced  xerophytic  characters  found  in 
this  latitude,  and  this  in  spite  of  the  fact  that  there  is  no  scarcity  of  water 
in  the  soil.  Even  after  the  long  summer  drought,  the  sand  is  moist  at  a 
slight  distance  below  the  surface.  The  most  marked  adaptations  in  this 
region  are  those  against  the  <!overing  of  the  plant  with  sand,  exposure  of 
roots  by  the  shifting  of  the  sand,  excessive  evaporation  because  of  sun  and 
wind,  and  the  mechanical  action  of  the  sand  driven  by  storms.  Practically 
eveiy  device  against  these  destructive  agencies  is  here  in  evidence.  They 
are  so  well  known  that  they  need  not  be  recited  in  this  connection. 

Most  interesting,  perhaps,  are  the  provisions  against  submergence  by 
the  sands.  In  the  case  of  the  po])lars,  willows  and  dogwoods,  the  sprouting 
habit  in  connection  with  the  habit  of  sending  out  roots  from  any  node  in 
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contact  with  the  soil  is  sufficient  ])rotection,  save  in  the  most  extreme  cases. 
These  jihints.  therefore,  while  not  strongly  developed  in  the  upper  beach, 
are  rarely  wanting  on  active  dunes.  The  willows  commonly  found  are 
/S.  Yuviatilis,  gloucophyila  and  adenophyUa.  The  dogwoods  are  G.  stol- 
imifcni  and  Buileiji.  TJie  i)oplar  is  the  cottonwood,  P.  deltoidcs.  To  the 
hotanlst.  the  adaptation  of  these  plants  for  such  a  position  are  self-evident, 
but  individual  cases  present  continual  variations.  Nothing  could  more 
cleaiiy  ilhistrate  the  extreme  ])lasticity  ot  these  shrubby  species  than  their 
quick  and  sure  response  to  these  constantly  varying  factors. 


These  grasses  lead  in  the  attack  upon  the  dunes.    These 
plants  all  arise  from  a  single  root  stock. 

In  the  case  of  the  grasses,  which  are  chiefly  Aiidropogon.  scoparius, 
Aiiiiiiophila  areiHiria,  Chthniiovilfa  longlfoUa,  and  Elcijm us  canadciifiifi,  there 
is  a  quick  setting  of  roots  from  the  nodes  when  there  is  but  a  partial  sub- 
mergence, while  the  long,  horizontal  branching  root  stock  is  constantly 
sending  up  new  stools  during  the  continuance  of  favorable  conditions.  The 
first  plants  to  obtain  a  loothold  uj)on  these  shifting  sands  are  usually  the 
grasses.  From  a  single  stool  through  the  agency  of  the  root  stock  there  is 
a  rapid  spread  which  covers  a  very  considerable  area.  In  various  places 
upon  the  most  active  portion  of  the  dunes  some  one  or  more  of  these  grasses 
obtain  a  foothold  and  struggle  fiercely  to  maintain  the  place  they  have 
seized.     So  far  as  my  personal  observations  go,  the  iuvasi(m  of  the  dune  is 
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iiindo  at  its  lowor  strotches.  iiradnally  civepinii  upward,  until  in  a  parti- 
cularly tavoralilo  season  tln^  whole  dune  is  fairly  well  covered  with  j)lants. 
The  biudins  tojictlier  ol"  the  soil  by  the  grasses,  even  for  a  short  time,  is 
sufticieut  to  i)ernr.t  the  establishment  of  other  forms,  so  that  in  places  the 
flora  OL  the  upper  beach  and  active  dune  may  be  quite  varied.  On  the  upper 
beach  the  most  counnou  of  the  plants  ai'e  Artemisia  caudata  and  A.  Cana- 
(/c».s'/.s*.  while  the  attractive  CardiiK.'^  J'itclicri  is  scarcely  less  common.  In 
these  plants  the  strong  and  lonj;  tai)-root  and  dissected  leaves  serve  as  an 
almosr  perfect  protection  against  excessive  evaporation  and  the  mechanical 
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At  the  close  of  a  favorable  season  the  whole  dune  may  be  fairly  well  covered 

with  plants. 


action  of  the  sand  in  the  case  of  high  winds.  In  the  case  of  the  Artemisias 
it  was  possible  to  observe  in  a  considerable  area,  the  perfection  of  the  de- 
fense the  finely  dissected  leaves  afford  a,gainst  the  sand  blasts  of  a  storm 
which  lasted  for  nearly  a  week.  Almost  every  other  species  in  the  area, 
which  lay  open  to  the  direct  action  of  the  wind-driven  sand  was  completely 
battered  to  pieces,  while  only  about  15  per  cent,  of  the  Artemisias  showed 
anj'  sign  of  having  been  subject  to  a  long  continued  action  of  a  destructive 
force. 

Upon  the  upper  beach,  also,  is  to  be  found  in  f.-ivored  situations  the 
beach  pea,  Latliyrus  iiiaritim}is,  although  in  no  instance  was  it  at  all  a 
dominant  form.     I'pon  the  active  dune  is  often  to  be  found  the  frost  grape, 
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Vitis  cordifolia.  Far  more  coiiimon,  however,  the  common  milk  weed, 
Asclepias  Syriaca,  the  bug-seed,  Cnrispermiim  hyssopifoUund  and  Piiccoon, 
Litliospormum  Gmelini.  This  last  is  by  far  the  most  common  of  the  groups, 
consisting  in  many  instances  a  large  proportion  of  the  plants.  A  golden 
rod  is  not  at  all  uncommon  in  such  situations,  but  I  am  not  certain  what 
species  it  is.  T  ajn,  liowever,  confident  it  is  not  S.  virgaurea  gillmani,  to 
which  it  is  referred  by  Dr.  Cowles  in  "The  Ecological  Relations  of  the 
Vegetation  of  the  Sand  Dunes  of  Lake  Michigan."  In  no  two  cases  are  the 
conditions  exactly  similar,  so  that  in  spite  of  the  paucity  of  species  there  is 


At  times  the  Artemisias  are  dominant  plants  over  considerable  areas. 


no  monotony.  Different  dominant  species,  differing  proportions  of  those 
occurring  make  each  area  a  special  study,  if  we  add  to  these  the  varying 
adaptations  of  the  sa)ne  species  and  the  fact  that  at  best  any  victory  of  the 
plants  is  but  apparent,  we  can  undei'stand  sometliing  of  the  complexity  of 
the  problem.  The  illustration  on  page  127  shows  a  large  pine  dying  because 
of  an  uncovering  of  its  roots  during  the  storm  mentioned  above. 

The  succulent  type  of  annuals  was  not  so  strongly  marked  as  I  had  ex- 
pected, but  dissected  leaves,  the  profile  position,  inrolling  of  leaf  blades,  and 
coverings  of  hairs  seemed  the  dominant  adaptations  against  the  excessive 
transpiration  and  doubtless  also  against  the  fierce  heat  of  the  sun.  Against 
the  wind  action  the  prostrate  or  trailing  habit  and  great  rigidity  were  the 
prevailing  adaptations  ajnong  herbaceous  plants.  Against  sand  coverings, 
nodal  rooting  and  branching  root  stocks  are  almost  universal  among  the 
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annuals.  Where  ]ierenuials  have  obtained  a  foothold,  the  long,  thick  tap- 
root is  usually  sutlicient  to  give  a  new  lease  of  life.  Against  the  mechanical 
effects  of  the  sand,  the  prostrate  h:)bit.  the  dissected  leaves  and  at  times 


Auy  victory  of  the  plants  is  but  apparent.  After  years 
of  possession  of  the  soil  they  may  be  dislodged  by  the  shift- 
ing of  the  soil  under  the  action  of  the  wind. 


an  extremely  tough  and  resistant  structure.     1  he  first  two  are  by  far  the 
more  common  and  apparently  the  more  eifeetive. 

From  the  standpoint  of  the  plant  no  situation  can  be  more  pitilessly 
cruel  than  the  stretches  of  white,  restlessly  shifting  sand  making  up  the 
beaches  and  dunes.     In  a  certain  sense,  no  other  situation  furnishes  ecologi- 
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cal  problems  of  such  ap])arent  simplicity,  but  even  here,  as  I  have  tried  to 
show,  the  problem  is  really  one  of  extreme  complexity.  If  in  any  measure 
this  paper  serves  to  indicate  how  utterly  without  significance  much  so- 
called  ecological  study  really  is,  and  to  stimulate  to  work  along  these  lines 
that  is  really  analytic,  that  recognizes  the  fact  that  no  ecological  problem  is 
in  reality  simple  and  needs  long-continued,  oft-repeated  observation  and  re- 
flection before  generalizations  are  made,  it  will  have  a  distinct  value  quite 
apart  from  the  specific  subject  discussed. 
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Parasitic  Plant  Diseases  Reported  for  Indiana. 


Fraxk  D.  Ki:i?x. 


The  following  summary  of  plant  diseases  in  Indiana  has  been  made  up 
from  information  which  has  been  accumulating  during  the  past  few  years 
at  the  Botanical  Laboratory  of  the  Indiana  Experiment  Station. 

In  this  list  only  the  more  important  diseases  have  been  considered 
from  the  standpoint  of  the  cultivator.  The  information  at  hand  is  far  from 
complete,  since  the  diseases  are  invariably  reported  by  common  names,  and 
as  it  is  impossible  to  investigate  or  verify  each  case  there  is  a  probability 
that  disturbances  in  growth  and  health  do  not  always  have  the  proper 
causes  assigned.  An  effort  has  been  made  to  classify  the  diseases  according 
to  their  pathological  effects,  firty  six  in  all  being  discussed.  Such  a  group- 
ing is  difficult,  owing  to  the  lack  of  knowledge  concerning  the  exact  manner 
in  which  many  of  the  parasites  act. 

Before  taking  up  the  detailed  account  it  will  be  of  interest  from  the 
point  of  view  of  the  mycologist  to  consider  the  parasites  which  are  held 
responsible  lor  the  various  diseased  conditions  of  root,  stem,  leaf  and  fruit. 
Out  of  fifty  species  under  discussion  forty-five  are  fungi,  five  hacteria,  and 
one  a  tsUnie-inoukL  Three  species  are  causes  for  two  separate  diseases  each, 
while  three  have  no  cause  assigned,  thus  bringing  the  total  up  to  fifty-six, 
the  number  selected  for  consideration  by  this  paper.  The  fungus  parasites 
are  divided  among  thirty-two  genera  belonging  to  classes  as  follows:  As- 
comycetes,  nine;  Basidiomycetes,  nine;  Phy corny cetes,  one;  Fungi  Imper- 
fecii,  thirteen.  Under  the  general  term  of  Fungi  Imperfecti  are  included  a 
miscellaneous  lot  of  forms  whose  life  histories  are  imperfectly  understood ; 
some  may  have  no  other  stages,  while  others  may  have  connections  not 
yet  discovered.  Comparatively  recently  three  which  were  formerly  classed 
here  have  had  their  perfect  stages  identified  and  have  been  transferred  to 
the  class  Ascomycetcs.  These  are  the  Bitter-rot  fungus  of  the  apple,  the 
Scab-fungus  of  the  apple  and  pear  and  the  Brown-rot  fungus  of  the  peach 
and  pium.  The  bacterial  parasites  are  divided  among  two  genera,  both  be- 
longing to  the  same  family,  Bacierinceac. 
9— A.  OF  Science. 
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The  enumeration  of  sptcific  fliseases  is  as  lollows: 

i.     Root  diseases,  affecting  absorption  of  food  materials — 

Crown  gall  (cause  uncertain).     On  fruit  trees,  small  fruits,  known 

'""to  occur;  extent  of  injury  not  reported. 
Root-rot    (Fnngi  not   identified).     On   fruit  trees;   troublesome   in 

orchards,  principally  in  southern  part. 
Club-root    (Myxomycetes,    Plasmodiaphora     Crassicae).     On     cab- 
bages  and   other   cruciferae.     Distriliution     not     ]\:uown.     Re- 
ported from  market  gardening  regions  about  larger  cities. 

II.     Stem  diseases,  affecting  ascent  of  sap  and  transpiration — 

Fire-blight  (Bacillus  aniylovorous).  On  apples,  pears  and  quinces 
in  all  parts  of  the  State.  Very  destructive  and  difficult  to 
control. 

Black-knot  (Plowrightia  morbosa).  On  plums  and  cherries.  Com- 
mon all  ovei'  State  on  plum  trees.    Cherries  less  injured  by  it. 

Black-rust  (Puccinia  graminis).  On  wheat,  chiefly,  but  attacking 
also  other  grains  and  grasses.  Occurs  everywhere.  Extent  of 
injury  In  any  particular  season  usually  dependent  upon 
weather. 

Black-rot  (Pseudomonas  compestrls).  On  cabbage,  cauliflower  and 
related  plants.  Affects  leaves  also,  and  finally  entire  head. 
Very  destructive  in  some  localities. 

III.  Wood  diseases,  affecting  absorption  and  transfer  of  w'ator — 

Wilt  (Bacillus  tracheiphilus).  On  melons  and  cucumbers.  A  com- 
mon and  injurious  trouble  affecting  melons,  especially  in 
southern  countries.  Few  reports  concerning  cucumbers ;  this 
crop  of  much  less  importance. 

Blight  (Bacillus  salanacearnnO.  On  tomatoes.  Few  local  reports 
of  this.    May  be  due  to  other  causes  than  bacteria. 

IV.  Bark  diseases,  affecting  transpiration  chiefly — 

Canker  (Spaerapsis  malorum.  Bacillus  amylovorus,  Glomerella 
rufomaculaus).  On  apple  trees.  Cankers  may  be  due  to  the 
parasites  mentioned  or  others.  Occurrence  of  any  except  the 
first  mentioned  has  not  been  verified. 

Asparagus  rust   (Puccinia  asparagi).     On  asparagus.     Bad  locally 

in  northwestern  portion  of  State. 

Authracuose  (Gleosporium  venetum).  On  blackberries  and 
I'aspberries.     Often  very  destructix'e. 
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lieaf  diseases,  aft'octiug  :issiinil;itii>!i  and  transpiration — 

Rusts,  caused  by  nri'dineae  (Cyninosporangiuni  sui).).  On  apple, 
pear,  quince  and  red  cedar.  Not  rejiorted  as  very  destructive 
ou  cultivated  ai)ples :  coaunon  on  wild  crabs  or  thorns. 

(Puccinia  rul)ii;o-vera.)  On  wheat.  This  is  the  leaf  rust  and  is 
usually  i-onunon,  but  not  especially  injurious. 

(Puccinia  gramlnis.)  On  wheat  and  other  cereals.  This  is  the 
stem  rust  and  only  rarely  occurs  to  any  extent  on  the  leaves, 

(I'uccinia  carouata.)  On  oats.  Occurs  very  commonly  ou  leaves, 
but  is  not  accountable  for  losses  of  any  extent. 

(Urom.yces  trifalii.i  On  clover.  IS'ot  known  to  be  of  much  eco- 
nomic importance,  thou,iih  quite  connnon. 

(Puccinia  poarum. )     On  bine-grass,  often  in  lawns. 

(Puccinia  sarghi.)  On  corn.  Very  widespread  and  common,  but 
not  especially  injurious. 

(Gymnoconia  iuterstitialis.)  On  blackberry  and  raspberry,  called 
the  orange  leaf  rust.  Has  a  perennial  mycelium,  but  mani- 
fests itself  only  in  the  leaves.     Connnon  and  distructive. 

(Kuehneola  albida.)  On  blackberry  and  raspberry.  First  noticed 
this  season.     IS'ot  of  importance. 

(TJromyces  appendicnlatus.)  On  be;!ns.  Extent  and  damage  un- 
known. 

(Uromyces  caryaphyllacearnm.)      On  carnations  in  greenhouses. 

(Puccinia  chrysanthemi.)  On  chrysanthemums  in  greenhouses. 
Spots  and  Blights — 

(Phylosticta  spp.)     On  apple,  often  causing  premature  defatiation. 

(Cyliiidrosporium  padi.)     On  cherry  and  plum.     Not  unconnnon. 

(Septoria  ribes.)  On  gooseberry  and  currant.  Extent  unknown; 
crop  of  minor  imiwrtance. 

(Se])toria  lycosjiersici.)  On  tomato.  Very  injurious  in  some  lo- 
calities. 

(Cercospora  beticola.)     On  beets.     Two  rejjorts  have  been  received. 

(Atternariae  brassicae  nigressceus.)  On  muskmellons.  This  is 
kno\'in  as  the  leaf  blight  and  is  very  injurious  in  some  lo- 
calities. 

(Calletobuchnm  Lagenarium.)  On  melons.  Known  as  anth- 
raenace,  and  while  affecting  leaves,  usually  attacks  stems  and 
catyledons  of  young  plants.  Reported  by  several  horticul- 
turists. 
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Powdery  mildew  ( Spaerothaera  moro-uvae).  Ou  gooseberry.  Ex- 
tent of  damage  unkown. 

Powdery  mildew  (Podosphaera  oxyaoanthae).  On  cherry.  Ex- 
tent of  damage  unknown. 

Leaf  curl  (Exoascus  defarmaus).  Ou  peach.  Usually  quite 
prevalent. 

Early  blight  (Altemaria  solani).  On  potato.  Usually  prevalent, 
doing  considerable  damage. 

Late  blight  (Fhytophthora  infestaus).  On  potato.  Preseut  to 
some  extent ;  iisually  very  destructive. 

Black-rot  (Pseudomonas  compestrio).  On  cabbage  and  closely  re- 
lated crops. 

VI.  Fruit,  Seed  and  Tuber  diseases,  nffectjng  crop's  economic  value,  di- 
rectly— 

Apple  rots,  ripe  or  bitter  (Glomcrella  rufomaculaus)  ;  Apple  rots, 
black  (Sphaerapsis  malovum).  Usually  common  and  cause3 
of  considerable  losses. 

Brown  rot  (Scleratinia  fructigena).  On  peaches  and  plums 
chiefly,  often  causing  a  loss  of  half  the  crops. 

Scab  (Venturia  inaequalis).  On  apple:  very  common  and  injurious. 
(Venturia  pyrina).  On  pear;  prevalent,  but  not  especially 
prevalent.  (Cladosperium  carphyllum).  On  peach;  bad  on 
some  varieties. 

Black  rot  (Gnignardia  bidwelli).  On  grape.  Widespread  and 
injurious. 

Fruit  rot  (cause  uncertain).  On  tomato.  Very  injurious  in  some 
localities. 

Flyspeck  and  sooty  blotch  (Leptothyrum  and  Phyllachara  spp.). 
On  apple,  often  affecting  a  considerable  per  cent,  of  the  crop. 

Smuts  (Ustilago  leae).  On  corn;  widesi)read,  sometimes  causing 
bad  losses.  (Ustilago  avenae.)  On  oats;  usually  bad;  losses 
underestimated.  (Ustilago  tritici.)  On  wheat ;  so-called  loose 
smut;  usually  prevalent.  (Tilletia  foetaus.)  On  wheat;  so- 
called  stinking  smut ;  usually  prevalent. 

Wheat  scab  (Fusarium  culmorum).  On  wheat;  usually  more  or 
less  abundant ;  sometimes  accountable  for  heavy  losses. 

White  mold  of  corn  (Fusarium  sp.).  Very  abundant  in  some  locali- 
ties during  present  and  past  seasons. 
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Potato  scab    (Oosi>ora  scahios).     Occnu's  (inite  generally  over  the 

State. 
Brown  rot  of  potato  (Bacillus  solanacoaruni).     Often  the  cause  of 

considerable  losses  in  all  parts  of  State. 
Black  rot  of  sweet  potato    (Ceratocyctis  finbriata).     Distribution 

and  extent  of  injury  unreported. 


Selevotinia  fructisrena  (ascus  stage)  showing  apothecia  about  mummied  peach. 
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JSTOTES    ON  THE  OCCURRENCE  OF  SCLEROTINIA  FrUCTIGENA. 


Frank  D.  Kern. 


The  rotting  ot  the  peach  and  plnni  truit  at  the  beginning  of  the  ripening 
period  is  a  ratlier  familiar  occufrenoe.  Soft,  brown  spots  appear,  which 
usually  grow  until  the  whole  fruit  (leeomes  rotten  and  finally  shrivels  up, 
becoming  mummiiied.  Twigs,  leaves  and  flowers  may  also  be  attacked  and 
exhibit  discolored  areas. 

The  rot  is  caused  by  a  fungus,  douI)tless  best  known  as  Monilia  fructi- 
gene,  a  name  given  it  by  Persoon^  in  1801.  That  it  was  simply  the  conidial 
form  of  some  ascomycetous  species,  was  strongly  suspected  by  several  inves- 
tigators and  Scliroeter-  was  even  confident  enough  to  transfer  it  to  the 
genus  Sclerotinia  in  1S03.  This,  however,  remained  a  mere  assumption 
until  VJ02,  when  Norton*  collected  the  apothecia  at  several  localities  in 
Maryland,  and  established,  by  means  of  cultures,  their  relation  to  the  coni- 
dial form. 

Although  the  perfect  stage  had  been  diligently  searched  for  before 
this  was  the  first  time  it  had  ever  been  reported.  Because  this  form  has 
been  so  rarely  seen,  and  because  of  the  economic  importance  of  the  fungus 
in  the  other  phase  of  its  life  history,  it  was  with  unusual  delight  and  inter- 
est that  the  apothecia  were  discovered  in  the  spring  of  1906  in  Indiana. 
Two  collections  were  made,  both  at  Lafayette,  and  by  Prof.  J.  C.  Arthur, 
on  buried  peaches,  under  trees  in  his  garden,  April  21 ;  another  by  Dr.  E. 
W.  Olive  and  the  writer,  on  buried  plums,  in  a  trash  heap  on  a  vacant  lot, 
May  H.  The  earlier  collection  was  in  perfect  condition,  while  the  latter 
was  somewhat  driecL  Both  discharged  clouds  of  spores  when  first  dis- 
turbed, and  when  .iarred  even  after  partial  drying  made  several  subse- 
quent disciiarges. 

Only  the  mummied  fruits  which  were  buried  or  partially  covered  bore 
apothecia.  On  the  phuiis  one  to  three  or  four  arose  from  a  single  fruit, 
while  on  the  peaclies  as  high  as  thirty  or  forty  a])peared  about  the  sides  of 


■  Persoon,  Syn.  Fung.,  693, 1801. 

=  Schroeter,  Krypt.  Fl.  Schles,  3^:67, 1893. 

^  J.  B.  S.  Norton,  Ironf=.  Acad.  Sci.,  Sb.  Louis,  12:91-97,  pis.  18-21.  1902. 
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one  fruit.  (Illustration.)  The  disks  ai-e  lit^lit  ))r()\vn.  at  lirst  companulate, 
becoming  cup-shaped,  averaging  about  one-l<alt  to  three-fourths  of  a  centi- 
meter broad  when  full  grown.  The  stipes  are  comparatively  slender  and 
usuall\-  about  one  to  two  centimeters  long,  where  that  is  sufficient  to  bring 
the  disks  al)ove  the  surface. 

In  e\ery  case  there  was  reason  to  suppose  that  the  fi'uits  bearing  the 
.iscus  stage  were  not  from  the  crop  of  the  innnediate  preceding  season,  but 
that  they  were  one  year  older.  In  a  recent  conversation,  Prof.  Norton  con- 
firmed this  opinion.  Schellenberg^  has  found  this  to  be  true,  also,  of  two 
other  sitecies  of  Sclerotinia  in  Europe.  The  length  of  the  period  required 
for  the  development  of  the  apothecia  is  doubtless  the  factor  which  is  re- 
s]ionsible  for  their  scarcity,  since  it  affords  so  much  time  and  opportunity 
for  the  nnunmied  fruits  to  be  destroyed  or  removed  from  the  vicinity  of  the 
trees.  The  above  collection  in  a  trash  heap  shows  that  development  takes 
j)lace  wherever  the  dried  rotted  fruits  are  covered  by  soil  or  humus  a  suf- 
ficient length  of  time,  but  in  such  a  location  it  is  only  by  accident  that  they 
would  be  discovered. 

A\'hile  the  ascoporic  form  is  so  excedingly  rare,  the  conidial  form  is 
just  the  opposite.  As  the  cause  of  the  broion  rot  of  peaches  and  plums, 
it  is  the  most  common  and  destructive  enemy  of  these  crops. 

In  1905  it  was  estimated  that  hrnwn  rot  caused  a  loss  of  one-fourth 
of  the  peach  crop  in  the  southern  counties  of  the  State.  In  190G  the  rot 
has  been  reported  from  twenty-six  counties  representing  all  parts  of  the 
State.  Estimates  as  to  the  amount  of  damage  vary  from  10  to  50  per  cent, 
of  the  entire  crop.  In  the  northern  half  of  the  State  the  early  varieties 
seemed  to  sustain  almost  double  the  loss  of  the  later  ones.  This  is  an  il- 
lustration of  the  rapidity  with  which  the  rot  spreads  when  the  weather 
conditions  are  favorable.  The  fungus  is  dependent  for  a  start  at  the  be- 
ginning of  a  season  chiefly  upon  conidiospores  produced  upon  the  mum- 
mied fruits  lying  on  the  ground  or  hanging  in  the  trees.  Warm,  moist 
weather  in  August,  at  the  ripening  lime.,  caused  such  a  production  of  coni- 
diospores from  these  mummy  fruits  that  the  fungus  spread  and  caused 
more  notable  effects  at  that  time  than  later,  when  the  weather  conditions 
were  less  favorable. 

Plums  in  all  parts  of  the  State  have  been  attacked  during  the  present 
season,  and  a  loss  amounting  in  many  instances  to  75  per  cent,  of  the  ci'op 
has  been  suifered. 


*H.  C.Scbellenberg,  Ueber  Scheratinia  Mespili  und  S.  Ariae,  Centr.  f.  Bak.  17:188-202, 
pis.  1-4, 1906. 
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All  of  the  facts  thus  far  presented,  which  pertain  to  the  life-histo;  y  of 
the  hrown  rot  fungus  and  its  methods  of  passing  through  unfavorable  sea- 
sons,  emphasize  the  importance  of  collecting  and  destroying  the  so-called 
mummied  fruits  as  a  means  of  control.  If  these  infected  fruits  are  allowed 
to  remain  hanging  to  the  trees  or  upon  the  surface  of  the  ground  the  conid- 
ial  stage  begins  its  destruction  at  once  the  following  season,  while  if  they 
are  permitted  to  become  buried  beneath  the  trees,  ascospores  form  the  sec- 
ond season  which  are  capable  of  producing  in  turn  the  conidial  stage. 
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Additions  to  Indiana  Floka  No.  3. 


Chas.  C.  Deam. 


(The  determiuations  have  been  made  by  competent  authorities,   and 
specimens  are  deposited  in  my  herbarium.) 

Paspalum  MuhlenltergU  Nash. 

Crawford  County,  July  11,  1890.     In  waste  place  near  Wyandotte  cave. 
Panicmn  praecosius  Hitchcock  No.  1270. 

Steuben  County,  July  23,  1906.     On  top  of  dry  wooded  gravelly  hill  on 
east  side  of  Hog-back  Lake. 
Festuca  Shortii  Kunth. 

Allen  County,  June  3,  1906;  Brown  County,  May  23,  1906;  Fountain 
County,  June  4,  1905 ;  Posey  County,  May  25,  1906. 
Carex  niricta  angustata  (Boott.)  Bailey. 

Allen  Count}^  June  3,  1906.     In  slough  along  St.  Joe  river  east  of  Rob- 
inson park. 
Carex  Hay  dent  Dewey. 

Fountain  County,  .June  5,  1905. 
Carex  pedicillata  (Dewey)  Britton. 

Blackford  County,  April  29,  1906 ;  Steuben  County,  May  28,  1905. 
Carex  rosea  radiata  Dewey. 

Allen  County,  June  3,  1906, 
Carex  interior  Bailey  No.  980. 

Porter  County,   June  16,   1900    (collected   by   L.   M.   Umbach)  ;   Wells 
County,  June  1,  1906. 
Carex  canesceus  L. 

Fountain  County,  June  4,  1905. 
Carex  canescens  disjunct  a  Fern. 

Steuben  County,   May  28,  1905. 
Carex  siccata  Dewey. 

Steuben  County,  May  28,  1905. 
Carex  mirabilis  Dewey. 

Fountain  County,  June  5.  1905. 
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Carex  fesf iicocea  brcvior  Feniald  No.  lUiG. 

Allen  County,  June  'j,  190«). 
Carex  BicknellU  Brittoii. 

Steuben  County,  June  1(3,  10(»3. 
Batracliium  loH{>irostris  (Godr.)  F.  Schultx.  • 

Allen  County,  June  3,  390G;  Wells  County,  June  13,  1890.     No  doubt 
most  ot'  the  plants  named  triehophyllum  (Cliaix.)  Bosch,  should  be 
.  referred  to  this  species. 
Fragana  Virginiana  Giayana  (Yilni.)  Rydb. 

Blackford   County,    June   22,    19()." ;    Franklin    County,    May    13,   1906; 
Marion  County,  April  30,  1905 ;  Wells  County.  June  16,  1901. 
Viola  conspvrsa  Reich. 

^^'ells  County,  May  11,  1900;  Steuben  County,  May  13,  1906.     It  is  quite 
probable  that  what  has  been  passing  as  Viola  Labradonica  Shrank 
should  be  referred  to  this  s'pecies. 
Viola  pallcits  (Banks)  Brainard. 

Blackford  County,  April  29,  1906;  Y\^ells  County.  June  1,  1906.     Viola 
hluinld   Willd.   is   often   associated   \\ith   this   species  and  possibly 
mistaken  for  it 
Rliamrnis  alirifolia  L'Her. 

Steuben  County,  August  1,  .190.3. 
Campanula  itliginosa  Rydberg. 

Noble  County,  July  21,  1904;  Steuben  County.  August  11,  1903;  Wells 
County,   July  (i,   1902.     All   specimens   of   Campanula   aparinoides 
Pursh  I  have  examined  should  be  referred  to  this  species,  although 
aparinoides  Pursh  may  occur  in  Indiana  also. 
Lactuca  Saligna  L.  No.  1389. 

Blackford  County,  August  3,  1906.     This  species  was  taken  just  south 
of  Hartford,  along  interurban  right  of  way. 
Bidens  comosa  (A.  Gray)   Wiegand. 

Blackford   County,    September   3,   1905 ;    Wells    Comity.    September  21, 
1902. 
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The  Lu.mmi  Indians. 


AlBEKT   B.   Rb'AGAN. 


The  Luniuii  Indians  ocnipy  the  Luinnii  Penhisuhi  just  across  Belling- 
ham  Bay  west  I'loni  the  City  of  Bellinghani,  ^Yashiugton.  The  peuiusllh^, 
contaiiiiug  about  two  townships,  is  their  reservation.  They  number  in 
all  about  three  hundreil  and  seveuty-tive,  most  of  whom  are  half-breeds. 
These  reseml)le  the  mulattoes  of  the  south  A'ery  much  as  to  physical  ap- 
pearance and  color ;  their  hair,  of  course,  is  black  and  straight.  The  full- 
breeds  are  nearly  all  old  Indians,  most  of  whom  are  blind.  They  ai'e  all 
fishing  Indians  Iiy  nature.  Formerly  they  lived  almost  wholly  by  fishing 
for  salmon  and  trout ;  but  since  they  took  their  allotments  some  years  ago 
they  live  on  their  farms  and  till  the  ground  most  of  the  year,  fishing  only 
in  August  and  September.  At  this  time  they  sell  fish  to  the  canneries  and 
also  dry  it  for  their  own  use.  In  old  times  they  made  flour  from  the  fern 
root,  but  now  the  white-man's  flour  has  taken  its  place.  Their  farming  is 
very  well  done  and  their  liouses  are  often  better  than  those  of  their  white 
neighbors,  thouch  usually  not  kept  so  neat  inside.  The  tribe  as  known  to- 
day is  made  up  of  Nooksaclc,  Lumnii,  Snowhommish  and  British  Columbia 
Indians.  Tliey  ijelong  to  the  Salish  linguistic  stock,  and  now  all  talk  the 
Lummi  branch  of  that  language.  Wlien  that  fails  they  use  tlie  Chenook 
jargon  as  a  means  of  communication.  The  .young  people  all  speak  English. 
They  are  advanced  in  civilization  almost  to  our  standard;  many  of  them 
even  take  daily  newspapers. 

In  old  times  these  Indians  practiced  all  the  ceremonies  known  to  their 
linguistic  group.  They  waged  war  for  the  sole  purpose  of  capturing  slaves. 
They  flattened  their  babies'  foreheads  so  that  a  modern  hat  fits  them  better 
cross-wise  than  the  way  we  wear  it.  They  had  mortuary  dance  cere- 
monies. They  believed  in  the  sujierhuman  power  of  medicine  men.  They 
slashed  themselves  with  knives  and  thrust  their  arms  through  with  arrows 
and  elk  bones  in  the  medicine  ceremonies.  They  had  give-away  dance  feasts 
at  whicli  the  man  who  gave  away  most  was  made  chief.  And  they  carved 
or  painted  their  special  dreams  or  visions  (called  in  Chenook  "tomanawis") 
in  conspicuous  places  in  their  "plaiUv"  houses,  usually  on  totem  poles,  as  a 
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mark  of  good  luck  or  a  guide  to  their  lives,  A  carving  of  tliis  sort  is  now 
to  be  found  on  each  of  the  totem-posts  of  an  old  give-away,  feast  dance  hall 
("potlatch"  house),  now  in  ruins  at  tlie  Portage  on  the  reservation.  An  in- 
terpretation of  this  totem-tomauawis  was  given  me  as  follows  by  Mr.  Mc- 
Clusky  (Indian),  who  also  made  me  the  copy  of  it  given  here: 

"Chief  Cha-we-tsot  once  owned  the  'potlatch'  house  at  the  Portage. 
The  drawings  on  the  totem-posts  are  his  'tomanawis.'  The  sun,  carrying  a 
parcel  of  valuables  in  each  hand,  caine  to  him  in  a  dream  and  said :     'Your 


To-ma-na-wis  of  Chief  Cha-me-tsot. 

storehouses  (or  trunks)  will  always  be  full.  You  will  therefore  give  two 
more  feasts  than  the  average  chief;  custom  had  established  the  rule  that 
the  ordinary  chief  should  give  three  feasts  in  a  lifetime.  So  Chief  Cha-we- 
tsot  built  the  'potlatch'  house  and  carved  his  'tomanawis'  on  its  totem- 
posts.  He  then  gave  five  feasts,  two  more  than  the  average,  as  the  sun 
in  the  vision  had  commanded  him." 

These  Indians  are  now  Catholics  and  all  attend  church  every  Sunday. 
When  the  priest  is  present  he  gives  his  sermon  first  in  English  and  then  in 
Chenook.  When  the  priest  is  not  present,  the  Indians  pass  around  within 
the  church  from  left  to  right,  while  they  sing  and  pray  a  few  minutes  in 
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Indian  before  each  or  the  passion  pietnres.  the  nltar,  and  the  image  of  Christ 
and  of  the  Virgin  Mary.  Then  the  quietly  leave  the  church,  and,  after 
eating  their  picnic  dinner,  go  to  the  Sunday  ball  game. 

Their  government  school  was  abandoned  this  year  and  their  reserva- 
tion will  propably  be  thrown  open  this  winter. 
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The  Mammalian  Remains  of  the  Donaldson  Cave. 


Walter  L.  ILaii??. 


While  occupying  the  L)on;ildsoii  Fann  Fellowsliip  in  Zoology  in  Indiana 
University,  the  writer  has  liad  occasion  to  make  freiiueut  trips  into  the 
Donaldson  Cave,  situated  about  three  miles  southeast  of  ^litchell.  Indiana. 
On  one  of  these  trips  bones  of  small  mammals  were  noticed  and  diligent 
collecting  on  that  and  subsequent  occasions  has  resulted  in  the  finding  of 
identifiable  remains  of  244  individuals,  representing  eleven  species.  The 
occurrence  and  relative  abundance  of  some  of  these  species  is  of  consider- 
able interest  and  this  occasion  is  taken  to  place  all  on  record. 

The  list  follo\\s 

1.  Didelpliis  virnhiiuna  Kerr.     Opossum. 

A  portion  of  one  skull  found  on  a  gravel  deposit  in  a  side  passage 
leading  off  from  tlie  "big  room"  of  the  cave. 

2.  Odocoilcits  Virginian  K-s  (Boddaert).    Virginia  deer. 

A  vertebra  foimd  not  far  from  the  preceding  specimen  has  been 
identilied  for  me  by  Mr.  J.  M.  Gidley,  Vertebrate  Paleontologist 
of  the  National  IMuseum.  as  the  fourth  cervical  of  this  species. 
It  was  doubtless  carried  in,  either  by  a  flood  or  by  some  car- 
niverous  animal,  in  the  days  when  deer  were  plentiful  in  In- 
diana, and  since  that  time  has  la.in  undisturlied  in  the  dark- 
ness of  the  cave. 
.3.     Sijlvilaf/iis  floridanus  (Allen).     Rabbit. 

Remains  of  three  individuals  found. 

4.  PeronnjHCii.^   leitcopiis    (Rafinesque).     White-footed  mouse. 

Mandibles  of  four  individuals  found. 

5.  Microtus  pinetorinn    (Le  Conte).     Pine  mouse. 

Four  of  this  species  also. 
(";.     Blarina   hrrvicaiula    (Say).     Large  shrew. 
One  skull. 
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7.  Pipist  rcll  IIS  snhfhi  Ills   (F.  Ciivier) .     (U'orginii  liat. 

Partial  skulls  and  niaiKlil)les  ivpresonting  eijilit  iiidivuluals  of  this 
species  were  foiu)d  at  various  points  in  or  near  the  "big  room." 

8.  Lasiiinis-  ciiictciis  (IJeauvois).     Hoary  l)at. 

This  species  is  widely  distributed,  but  everywhere  rare.  The  find- 
ing of  two  partial  skulls  and  skeletons  adds  this  locality  to  the 
two  previously  recorded  for  Indiana. 

9.  La.siiinis  boiealis   (Miiller).     Ked  bat. 

Remains  of  this  species  were  far  more  abundant  than  of  any  other. 
More  or  less  complete  skulls  and  skeletons  of  203  individuals 
were  found.  The  abundance  of  the  species  will  be  discussed 
later. 

10.  Myoiis  subuhitus   jSay).     Say  bat. 

One  skull  can  be  uiiqnostionably  referi'ed  to  this  species. 

11.  Myotis  Iiicifiif/iis   (Le  Conte).     Little  brown  bat. 

Nine   skulls   could    be   positively   referred   to    this    species.     Eight 
others  were  probably  M.  liicifiigiis.  but  were  too  badly  broken 
to  determine  with  certainty  whether  they  belonged  to  this  or 
to  the  last  preceding  species. 
It  will  be  noted  that  the  above  list  contains  a  large  number  (203)  of 
specimens  of  the  red  bat  and  but  few  (17)  of  the  little  brown  bat.     If  we 
turn  to  the  living  rej^resentatives  of  the  two  species  this  abundance  is  ex- 
actly reversed.     Mr.  W.  S.  Blatchley  informs  me  that  the  proportion  of  the 
two  species  in  Wyandotte' Cave  is  about  1  to  1,000,  the  larger  number  being 
the  brown.     Mr.  A.  M.  Banta,  who  has  had  a  very  extensive  acquaintance 
wath  the  cave  fauna  of  Monroe  and  Lawrence  counties,  is  of  the  opinion  that 
the  red  bat  never  enters  oaves  at   all.   and  that,  though  common   above 
ground,  it  is  less  abiuidant  than  the  brown  species.     My  own  observations 
are  in  complete  accord  w'ith  those  of  Mr.  Banta. 

The  period  at  which  this  change  in  relative  abundance  has  taken  place 
can  not  be  determined  accurately  from  the  evidence  now  at  hand.  Evident- 
ly it  has  been  within  re<:-ent  geological  times,  since  many  of  the  bones  were 
found  in  places  where  they  would  have  been  destroyed  by  changes  which 
must  have  taken  place  during  some  recent  epoch.  On  the  other  hand 
many  of  them  were  found  partially  covered  with  fragments  of  stone  which 
have  gradually  weathered  away  from  the  larger  masses,  and  this  would 
seem  to  indicate  that  at  least  a  part  of  the  bones  are  many  years,  possibly 
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centuries,  old.  For  the  most  part  they  seem  to  lie  where  they  fell  when 
the  animals  dropped  dead  from  the  places  where  they  clung  to  the  roof  of 
the  cave.  This  seems  to  indicate  that  they  died,  one  at  a  time,  from  natural 
causes. 

The  above  facts  seem  to  warrant  two  conclusions:  (1)  The  red  bat  is 
less  abundant  thau  formerly;  (2)  it  has  changed  its  habits  and  no  longer 
frequents  caves  as  it  did  formerly. 
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Some  Notes  on  Indiana  Birds. 


Amos  W.  Butlkr. 


yyctca  nyctca  (Snowy  Owl). — One  reported  by  Louis  A.  Test,  upon 
authority  of  J.  Keegan,  as  having  been  talveu  near  Washington,  Daviess 
County,  Indiana.  November  5,  1904. 

I  saw  one  in  Deschler's  cigar  store,  Lahr  House,  Lafayette,  which 
was  procured  by  Geo.  M.  Timberlake  from  a  man  who  shot  it  about  fifteen 
miles  south  of  Lafayette  in  the  winter  of  1901-02.  Beasley  and  Parr,  taxi- 
dermists, Lebanon,  report  that  they  mounted  this  specimen  in  November 
or  early  in  December  of  1901.  Snowy  Owls  have  been  more  generally  dis- 
tributed over  the  State  tlie  present  winter  and  more  individuals  have  been 
reported  than  ever  before  since  records  have  been  kept. 

November  25,  1905,  while  at  Hammond,  Lake  County,  Mr.  LeGrand 
T.  Meyer  told  me  that  two  fine  specimens  of  this  bird  had  been  taken  near 
that  place  a  few  days  before.  One  of  these  we  saw  afterwards  in  the 
possession  of  Mr.  Schmid,  who  mounted  it  and  who  also  had  the  other 
one  at  the  same  time  in  his  work  room.  Mr.  Meyer  has  kindly  supplied 
ine  with  the  following  data  of  these,  and  three  other  birds  of  the  same 
species  taken  in  that  vicinity : 

First. — A  man  by  the  name  of  Johnson  killed  one  on  November  12, 
1905,  about  a  mile  and  a  half  southeast  of  Tolleston,  Indiana,  in  the  gravel 
pits. 

Second. — Fred  Burg  shot  one  on  the  lake  front  of  Lake  Michigan,  near 
Indiana  Harbor,  on  November  19,  1905,  which  is  now  in  the  possession  of 
jNlr.  Louis  Freeze  of  Hammond. 

Third. — Wm.  J.  Thompson  killed  one  near  Wolf  Lake  ice  houses  in 
Hammond,  on  November  25,  1905.  This  one  was  on  the  top  of  a  telegraph 
pole  when  killed. 

Fourth. — One  was  killed  on  Wolf  liake,  near  Lake  Michigan,  in  Ham- 
mond, by  a  person  unknown  to  me,  which  is  now  in  the  possession  of  Louis 
Mankowski  of  this  city,  which  was  killed  November  23,  1905. 

Fifth. — At  the  time  it  was  killed  there  was  another  one  with  it  which 
the  hunter  was  unable  to  secure, 
10— A.  OF  Science, 
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The  specimens  Mr.  Schmid  had  were  numbers  one  and  four,  given 
above. 

Beasley  and  Parr,  Lebanon,  Indiana,  have  mounted  quite  a  number  of 
these  birds  recently.  From  information  Isindly  supplied  by  them  regarding 
specimens  in  their  hands  1  have  been  able,  through  extended  correspond- 
ence, to  collect  some  interesting  facts  regarding  this  dispersion  of  these 
owls  over  Indiana  this  winter.  They  have  been  reported  from  the  follow- 
ing counties :  Allen,  Benton,  Fountain,  Hancock,  .Johnson,  Lake,  Marion, 
Miami,  Montgomery,  Noble,  Shelby,  Sullivan,  Warren. 

H.  A.  Dinius  of  Fort  Wayne  reports  that  two  Snowy  Owls  wei-e 
observed  on  the  Godfrey,  Indiana,  Reservation,  west  of  that  city,  December 
22,  1905. 

One  was  shot  by  Clem  Woodhams  in  Bolivar  township,  Benton  County, 
November  10,  1905.  The  same  gentleman  informs  me  that  one  was  seen 
north  of  Otterbein  in  that  county  about  December  24,   1905. 

One  of  two  owls  seen  was  shot  nine  miles  east  of  Fowler,  in  Benton 
County,  November  4,  1905,  by  a  corn  busker  working  for  Thomas  East- 
burn.  It  was  wounded  and  brought  alive  to  Fowler.  The  second  one  was 
taken  afterwards.  They  are  reported  to  be  male  and  female.  They  were 
sent  by  .T.  F.  Warner  of  Fowler  to  be  mounted,  who  reports  on  January 
4,  1900,  another  one  observed  some  days  before  at  Earl  Park. 

J.  W.  Crouch  of  Fowler  has  a  Snowy  Owl  that  was  killed  by  Nelson 
Hendricks  five  miles  west  of  that  place  about  February  12,  190G. 

J.  R.  Opp  has  a  specimen  taken  four  miles  west  of  Otterbein  De- 
cember 21,  1905.     Another  was  shot  near  there  on  December  4,  1905. 

One  shot  November  29,  1905,  two  miles  southeast  of  Mellott,  in  Foun- 
tain County,  b.v  John  Whalen,  just  after  dusk,  after  it  had  killed  two  old 
hens.    Mounted  for  Red  Men's  Hall  at  Mollott. 

One  shot  one  mile  northwest  of  Fortville.  Hancock  County,  b.v  Ottis 
Shepherd.     Reported  by  David  Fair  of  Fortville. 

John  Hammer  took  a  Snowy  Owl  about  six  miles  south  of  Franklin, 
Johnson  County.     It  is  now  owned  by  S.  B.  Eccles. 

Gus  Habich,  Indianapolis,  received  two  of  these  owls  recently.  Botli 
were  killed  about  December  1,  1905.  One  was  shot  by  William  Stroble, 
near  Shelby,  Lake  County ;  the  other  by  Frank  Hoffman,  below  Shelby- 
ville,   in  Shelby  County,  Indiana. 

One  killed  by  Isom  Kelsey,  two  and  one-half  miles  southwest  of 
Shelbyville,  November  30,  1905. 
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One  killed  by  John  'rueker.  four  miles  north  of  Fairland,  Shelby 
County,  about  November  10,  3905.     Owned  by  D.  H.  Tucker. 

One  owned  Ijy  Fletcher  M.  Noe,  Indianapolis,  he  informs  me  was 
taken  near  Southport,  Marion  (bounty,  Indiana,  Deceniber  20,  1905.  He 
reports  that  six  or  seven  have  been  brought  in  to  him  the  present  fall  and 
winter. 

One,  a  male,  killed  1).\  Frank  Clark,  in  Erie  Township,  Miami  Countj% 
December  17,  1905.  The  next  day  a  female  was  killed  in  that  vicinity  by 
Kawley  Runnell.  The  first  one  was  moimted  for  the  First  National  Bank 
of  I'eru.    Reported  by  Joseph  H.  Shirk. 

One  shot  three  miles  northwest  of  Linden,  Montgomery  County,  by 
George  Ciderdln,  November  22,  1905.     Owned  by  J,  M.  Hose  of  Linden. 

One  killed  near  Darlington,  Montgomery  County,  November  21,  1905, 
by  N.  Royer.     Reported  by  S.  G.  Kersey. 

One  reported  l)y  Henry  A.  Link  to  have  been  killed  near  Avilla,  Noble 
County,  Indiana,  a  few  days  prior  to  December  14,  1905. 

W.  S.  Blatcliley,  State  Geologist,  has  a  photograph,  taken  the  past  fall, 
of  a  bird  of  this  species,  in  the  possession  of  J.  W.  Sampson,  Farmersburg, 
Sullivai)  County,  Indiana.  Mr.  Sampson  writes  that  another  was  killed 
at  Blaclihawk,  about  six  miles  east  of  Farmersburg,  about  the  same  time. 

.John  Morgan  killed  one  in  Warren  County,   December  21,  1905. 

A  fine  specimen,  seen  in  the  window  of  the  Starr  Piano  Co.,  Rich- 
mond, Indiana,  was  killed  by  Mr.  Edgar  Moon,  near  Bowersville,  Greene 
County,  Ohio,  November  8,  1905.    Reported  by  J.  E.  Perkins. 

Mr.  Louis  A.  Test  of  Lafayette  reports,  upon  the  authority  of  Mr.  L. 
J.  Owens  of  that  city,  the  capture  of  one  by  Mr.  Carl  Townsley  at  Chal- 
mers, Indiana,  about  November  25,  190G. 

Mr.  Joseph  i^\  Honecker  reports  seeing  six  of  these  owls  near  Oak  For- 
est, Franklin  County,  Deceml)er  15,  1905. 

Mr.  J.  W.  Crouch  informs  me  that  a  Snowy  Owl,  almost  perfectly 
white,  was  killed  November  11  or  12,  1906,  at  Fowler,  Benton  County,  and 
brought  to  him.  This  is  interesting  as  giving  an  early  record  for  this 
year  from  the  same  county  where  a  number  were  found  in  1905. 

Elanoidcs  for/icaius  (Linn.)  Swallow-tailed  Kite. — ^On  September  3, 
1906,  one  was  seen  one  mile  south  of  Brookville,  lud. —  (Jos.  F.  Honecker.) 

Falco  pcregrinm  anatmn  (Bonap.)  Duck  Hawk.— A  pair  were  found 
nesting  in  an  old  stone  quarry  near  T^aurel,  Ind.,  April  28,  1906.  The  two 
eggs  were  placed  in  a  small  cavity  on  the  bare  rock  on  a  shelf  ten  or 
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twelve  feet  from  the  ground.  About  them  were  bones  and  feathers  of 
pigeons,  chickens  and  duclvs.  The  eggs  are  now  in  the  collection  of  Jos.  F. 
Honecker,  Oak  I'orest,  Ind.,  by  whom  they  were  found  and  reported. 

Ectopistes  miiiratorias.  I'assenger  Pigeon ;  Wild  Pigeon. — Joseph  F. 
Honecker  reports  seeing  a  Wild  I'igeon,  with  young,  near  Raymond,  in 
Franklin  County,  in  the  spring  of  11)05.  The  same  person  says :  "On  May 
18,  190G.  I  had  the  good  fortune  to  find  three  nests  of  the  Wild  Pigeon 
about  one  half  mile  east  of  Oak  Forest,  Franklin  County,  Indiana.  The 
nests  were  about  eight  to  fifteen  feet  from  the  ground  in  a  small  elm  tree. 
Two  of  them  contained  two  eggs  each  and  one  contained  two  young  only 
a  few  days  old.  I  saw  the  six  adult  birds  at  one  time,  and  observed  them 
until  the  young  were  grown.  They  were  last  seen  together  in  a  flock,  July 
13.    There  is  another  record  of  the  capture  of  a  specimen  in  Shelby  County. 

Meleuiiris  aallopavo.  (Linn.)  Wild  Turkey. — According  to  Mr.  E.  J. 
Chansler,  a  few  are  still  to  be  found  in  the  southern  part  of  Knox  County, 
Ind. 

Dcrnlroica  vigors! i.  Pine  Warbler. — C.  P.  Smith,  during  the  summer  of 
1904,  visited  the  sand  dunes  near  Michigan  City.  There  among  the  pine 
trees  he  found  Pine  Warblers.  They  were  fairly  common  June  19-23. 
Though  the  birds  were  in  full  song,  he  did  not  find  the  nest.  He  de- 
scribes the  song  as  very  similar  to  that  of  a  Chipping  Sparrow ;  in  fact,  so 
similar  that  he  was  deceived  by  it  at  first.  The  preceding  summer  (1903) 
the  same  observer,  while  studying  the  biology  of  the  State  Forest  Reserve, 
at  Henryville,  saw  Pine  Warblers  three  or  four  times  among  the  pine- 
covered  "knobs."  The  last  of  July  he  found  adults  feeding  young  that  were 
practically  full  grown.     ITiey  doubtless  nested  there. 

Pelidna  aJpiiia  pacifica.  Ked-backcd  Sandpiper;  Aremican  Dunlin. — A 
specimen  taken  October  11,  1905,  from  a  flock  of  shore  birds  at  a  pond  in 
Marion  CountJ^  north  of  Indianapolis,  was  presented  to  me  by  Philip  Baker. 
This  is  the  first  fall  record  for  this  vicinity. 

Aegialitis  meloda  circirnicincta.  Belted  Piping  Plover. — A  fine  group  o; 
these  birds,  with  four  eggs,  m  the  collection  of  the  Chicago  Academy  of 
Sciences,  was  taken  at  Millers,  Indiana.  June  13,  1905    (F.  M.  Woodruff). 

Nu7neniHS  borealis.  Eskimo  Curlew.- — There  are  few  recorded  speci- 
mens of  this  rare  migrant  from  Indiaiui.  It,  therefore,  is  of  interest  to 
learn  from  Mr.  J.  II.  Fleming,  Toronto,  Ont,  that  he  has  one  marked 
Chalmers.  Ind.,  male,  April  19,  1S90(?). 

Phalucrocoraa-     ililophus.       Double-crested     Cormorant. — Mr.     Roman 
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Eiclastodt  of  Michigan  City  hias  a  specimen  talien  by  him  inside  the  break- 
water there,  the  last  of  November,  1903.  No  others  of  this  species  were 
seen. 

Sula  hassana.     Gannet. — A  few  months  ago  I  was  taken  to  see  a  bird 
of  this  species  in  the  store  of  Roman  Eichstodt,  Michigan  City,  Ind.     It 
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was  in  iimnature  fall  nlnuiase.  as  deterniined  by  the  V.  S.  Biological  Sur- 
vey, to  which  a  photograph  was  seut.  The  bird  was  killed,  according  to  the 
owner,  on  liake  Michigan,  in  November,  1904.  about  two  miles  from  Mich- 
igan City.  It  was  said  to  be  unlike  anything  before  seen  in  that  vicinity. 
Oceanodrov.ia  castro.  (Occanodroma  cri/ptoleuciira  Ridgw.)  Hawaiian 
Petrel.-^A  specimen  of  this  rare  species,  whose  distribution  seems  to  be 
almost  world  wide,  was  given  to  me  by  Alden  M.  Hadiey  of  Monrovia, 
Ind.  He  obtahied  it  from  Mr.  N.  H.  Gano,  who,  on  June  15,  1902,  found 
it  liuttcring  in  a  wheelbarrow  iu  his  yard  at  Martinsville,  lud.  He  picked 
up  the  bird,  hut  it  soon  died.  Its  stom;u-h  was  entirely  empty  and  it  had 
evidently  died  of  hunger  and  exhaustion.  The  bird  was  sent  to  Mr.  Hadiey, 
who  preserved  the  skin.  It  was  recognized  as  a  petrel,  and  the  species  was 
kindly  determined  by  Dr.  ('.  W.  Richmond  of  the  Smithsonian  Institution, 
Five  S])ecimens  of  this  bird,  from  its  collection,  were  later  sent  me  for 
examination.     The  following  notes  and  measurements  in  inches  are  given: 


Gat.No. 

Sex. 

Locality. 

Date. 

Collector. 

Wing. 

Tail. 

Tarsus. 

Tail. 

132764 

189861 

9 
'  ■  ,p  ■ 

Galapagos 

Maderia 

Maderia 

April    4,1891 
Sept.  12,  1902 
Oct.    14,1902 

C.H.Townsend. 

6.125 
5.750 
6.500 
5.750 

3.250 
3.000 
3.555 
3.968 

.937 
.937 
.937 
.937 
.937 
.937 

Slightly  forked. 

Much  worn. 

\'ery  slightly  forked. 

189860 
115461 

Knud.sen 

W.  Palmer 

N.  H.  Gano.  ... 

154436 

Wash.,  D.  C 

Martinsville,  Ind. 

.4ug.  29, 1893 
June  15,  1902 

6.250 
6.000 

3  125 
3.500 

Nearly  square. 
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Blood  Pressure  in  Man. 


G.  E.  Hoffman, 


(Abstract.) 


The  paper  consists  of  n  tabulation  of  the  readings  of  blood  pressure 
in  220  men  with  age,  day  and  hour  of  day,  mental  condition,  and  the  con- 
dition of  arteries,  heart  and  kidneys;  with  conclusions  as  to  what  factors 
influence  and  are  influenced  by  the  blood  pressure  in  man. 

As  the  subjects  were  unfamiliar  with  the  procedure  it  itself  increased 
the  blood  pressure  in  most  cases  so  that  the  readings  are  high  for  them. 
The  highest,  taking  the  systolic  as  most  reliable,  was  270  in  an  old  man 
with  beady  arteries;  the  lowest,  SS ;  thirteen  were  above  200;  six  were 
below  100;  the  averages  for  the  series  was  134  mmg  Hg  by  the  Rivi-Rocci 
mercurial    sphygmomanometer,    Stanton's    form. 

Age,  by  the  changes  in  the  blood  vessels,  is  the  most  constant  factor  in 
change  of  blood  pressure,  which  increases  with  age ;  the  condition  of  the 
arteries  is  a  determining  factor ;  the  more  rigid  their  walls  the  higher 
the  blood  pressure ;  all  with  high  pressure  have  rigid  arteries ;  coincidently, 
casts  and  albumen  occurred  in  the  urine,  indicative  of  lesion  in  the  kid- 
neys. Valvular  lesion  of  the  heart  lessening  its  efficiency  raises  the  sys- 
tolic pressure. 

In  stupor  invariably  the  blood  pressvire  was  low,  as  in  the  cases  of 
catalepsy,  which  gave  the  low  records ;  likewise  in  dementia  the  blood 
pressure  is  relatively  low ;  also  in  maniacal  conditions  it  is  decreased,  ap- 
proaching its  normal  with  recovery ;  and  contrawise  the  blood  pressure  is 
raised  in  melancholia  and  in  states  marked  with  delusions  of  persecution  ; 
in  general  paresis  it  varies  according  to  the  mental  condition.  This  corre- 
spondence of  mental  condition  to  blood  pressure  is  tolerably  uniform. 
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